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THE LUTION OF THE LOWER PASSAIC RIVER 
must spped by June 1, 1904, according to a resolution 
adopted by the New Jersey State Sewerage Commission 
on J j The communities that must stop discharging 
crude vage into the river before that date are: Pater- 
P uc, Rutherford, Newark, Orange, East Orange, 


sol 

Montel: Bloomfield, Glen Ridge, Kearny, Harrison and 
East Newark In addition, notices to stop polluting the 
river will be served on the factories now discharging 
wastes ectly into the stream. It is expected that some 
or all of the municipalities affected by this action will 


organize sewerage districts, or one inclusive district, for 
the construction of joint disposal works, but this is left 
entirely to the several communities. In case two or more 
communities wish to act jointly the law establishing the 
State Sewerage Commission provides for organization un- 
der the direction of the commission and the carrying out 
of disposal works by the district or districts. In any 
case, all plans for sewage disposal must be submitted to 
the State Sewerage Commission for approval; and this 
is true for all new sewage disposal work in the state. 
The members of this commission are as follows: Wm. 
Hunt, chairman, and David Wallace, M.D., Newark; Chas. 
Fuller, Bayonne; John Hinchliffe, Paterson; and Chas. 
F. Harrington, Lyndhurst. Mr. Hunt is now in Europe 
investigating sewage purification. Mr. Boyd McLean 
is secretary. The officers of the comission are in the 
Fuller Building, Jersey City, and it holds meetings at 2.30 
p.m., each Monday. 


> 


STREAM POLLUTION BY A COAL COMPANY has re- 
sulted in the award of $32,70S of damages to Mr. Joseph 
Stevenson, a miller on Nescopeck Creek, according to a 
press dispatch. It is stated that Mr, Stevenson sued the 
Ebervale Coal Co. for $100,000 damages, on account of 
rendering the water of the creek useless to him for mill 
and farm purposes by the discharge of culm and sulphur 
water into the creek. 


* 


SEWAGE IRRIGATION WORKS AT GUADALAJARA, 
Mex., are bow under construction, as are also the col- 
lecting sewerage system and works for an additional 
water supply. The estimated water ccnsumption is about 
25 gallons per capita, and the population is about 100,000. 
There will be about 80 miles of sewers, on the separate 
plan. The sewage farm comprises some 500 acres, only 
1) acres of which will be irrigated at present. The land 
is owned by the State of Jalisco and the income from 
the farm is to be devoted to charity. The farm is about 
one-half mile below the city. Distribution of sewage 
will be by the ridge and furrow system, from about 6,075 
ft. of semicircular, briek-lined conduit, 3% ft. in diameter. 
The dry season extends from about Oct. 1 to June 15. 
During this period there is practically no rainfall, which, 
with the high evaporation, will permit a heavier rate of 
Sewage application, it is believed, than would be possible 
u the United States. During the rainy season it is pro- 
sed discharge the sewage into the river below the 
|, it is said, will not cause a nuisance. It will 
‘ before the works are in use. Mr. C. H. M. 

engineer and contractor residing at Guadala- 


~_ * ‘veneer for the work and has kindly given us this 
SLOW ~\ND FILTRATION FOR THE WATER SUP- 
ply « 


surg, Pa., is finally assured. As many of our 
. remember, this system was recommended in 
ne ' the Pittsburg Filtration Commission, issucd 
so, after exhaustive studies made under the 
dire Mr. Allen Hazen, M. Am. Soc. C. E., as Chief 

1g Some months ago the sum of $2,500,000 was 


Voted at the polls for water purification, and a few days 


ago both branches of 1} ty council voted to carry out 
the recommendations of th ynmission and instructed 
Mr. E. M. Bigelow, M. Am. So Cc K., Dir or ef Pubi 

Wo.ks, to prepare plans for slow sand filtration. Some of 


the mechanical filter interests made a vigorous attempt 
to secure further consideration {or :acir system, although 


the report of the commission was unanimously in favor 


of slow sand filtration. Notwithsanding these efforts the 
‘council declared almost unan isly in favor of slow 
sand filtration. The capacity of the proposed plant wil 
be presumably 50,000,000 gallons a day An engineer for 


the work. we understand, is yet to be chosen 


PUBLICITY OF ACCOUNTS OF ELECTRIC LIGHT 
companies was strongly advocated before the recent 
meeting of the National Electric Light Association as a 
means of stemming the tide towards municipal ownership 


The leading advocate of such publicity seems to have been 
Mr. J. B. Cahoon, of Syracuse, N. Y., the new president 
of the association. Mr. Samuel Insull, of Chicago, ably 
seconded Mr. Cahoon's remarks on this subject. 


A HOT WATER HEATING SYSTEM FOR DELA- 
ware, O., it is reported, will be establisned soon by Mr. 
Ed. Gwynn, to be run in connection with the electric ight 
plant. 


> 


THE MOST SERIOUS RAILWAY ACCIDENT of the 
week occurred on the Cincinnati, Hamilton & Dayton R 
R., near Hamilton, Ohio, on June 3. A freight train run- 
ning at about 25 miles an hour left the track at a switch, 
wrecking the engine and eleven cars and killing five men. 


THE AMERICAN LINER “NEW YORK" lost one of 
her twin screws on May 22 when about 1,000 miles from 
the Irish coast on her way to New York. The outer end of 
the shaft, 16 ft. in length, snapped off 12 ins. outside the 
stuffing box, through which it enters the hull to reach 
the shaft tunnel. The sleeve in which the outboard shaft 
revolves, and the steel shell covering this sleeve, broke off 
with the shaft and the fragments sank, taking the pro- 
peller along with them. The port engine at once attained 
great speed but was immediately shut off by the auto 
matic governors, so that it stopped in about 12 seconds. 
The rest of the trip was made at a rate of about 15 knots 
per hour with the remaining screw. The “New York” 
will return to Southampton for repairs, as there are not 
suitable facilities in New York harbor. An examination 
of the hull indicates that the accident was probably due to 
striking some floating object. 

— 

THE SOUDAN RAILWAY, says a report to the French 
Senate on the budget of 1900, was being operated for 136 
miles on Jan. 1, 1900. In the present year 19 miles are 
to be built, including a bridge over the Bakoy River, at 
Toukoto. The progress estimated is SO miles per year, 
so that at the end of 1904 the line will reach Koulikoro 
a point on the Niger, 355 miles from Kayes. The cost of 
the line is estimated at $25,000 per mile. 


THE UGANDA RAILWAY OF AFRICA, according to a 
Parliament paper just issued, is open for 362 miles, out of 
the estimated total of 583 miles; and materials are on 
hand for 155 miles more. The gross receipts from gov- 
ernment and general traffic—not including construction 
traftic—is about £20 per mile per week, which is double the 
estimate in the 1893 report. 


THE RAILWAY MILEAGE OF EUROPE has increased 
from 83,680 miles in 1875 to 167,439 miles in 1899, ac- 
cording to an article in a recent issue of ‘‘L’Economiste 


Europeen,”’ of Paris. The increase in mileage by coun- 
tries is given as follows: 
Mileage—— In- 
Countries. 1875. 18% crease. 
France -........ 12,898 12,998 
Germany .. 16,109 14,666 
Austria-Hungary .......:. 10,083 21,805 11,721 
2,131 616 vst 
635 1,617 YS1 
3,484 8,102 4,618 
SERVE . 4,578 9,759 5,181 
169 270 100 
be 45 353 353, 
1,017 2,302 1,285 
953 978 2 
Isles Maita, Jersey “and Man oie 6 6S 


THE CABLE-RAILWAY OF MONTECATINI, Italy, re- 
cently luilt, has a length of 3,036 ft. and grades of from 


12 to 38.5%. The motive force is provided by a vertical 
compound steam-engine of 30 HIP., making 150 revolu 
tions per minute; the steel cable has a se on of 300 sq 
mm., and weighs 2.6 kilograms per running meter The 


factor of safety is placed at 12 


THE UTILIZATION OF BLAST FURNACE SLAG 
making Pertland cement according to the methods of 
cent German 


Belgian works is described in a paper 


read before the Iron and Steel Institute of Great HRrita 


The stag is first granulated by running it while hot into 
water and then after being dried is mixed about half and 
hali with crushed limestone, To this mixture is added 
atout 30% of powdered slacked lime. This final mixture 
is ground in tube mills until the residue on a sieve o 
5,000 meshes per square inch is only 244%, and the residu 
on a sieve of JO,0U0 meshes is only 1244% The powd 

from the tube mills is mixed with about S of water and 
made into bricks by machinery These bricks are dried 


by being stacked in the open and are then burned in sp« 
cial kilms. As described in the paper, each furnace con 
sists, in its essential part, of a series of rings, each 1 ; 
1% ins. in thickness, St ft. inner diameter, and 1S ins. in 
height. These rings are provided outside with ribs, and 
placed in such a way, one above the other, that the ver 

cal ribs cover one another, thus forming little vertical 
channels, all round, in which the air circulates from b 

low the top, like a chimney, thus continually cooling th: 
cast-iron rings from outside, and preventing them from 
getting overheated The materials to be burnt are in 
direct contact with the cast-iron rings, no lining of an, 
kind being provided for. There are 18 such rings, put on 


above the other, the upper rings—where the greatest heat 


occurs—being hooped at the joints. The top of each fur 
nace is provided with a cone and a chimney made 

sheet iron, 3 ft. in diameter and 30 ft. in height rh 
cone has four charging-doors, which can be closed by 
sheet-iron covers as soon as the charging is done Ata 


depth of 12 ft. from the top the inner diameter of the 
furnace is lessened to nearly half its inner horizontal 
tion, and on this place provided with a double row of 
tuyeres to admit compressed air, this arrangement having 
for its object to burn any carbonic oxide or carburetted 
hydrogen gas arising from below as completely as pos 
ble, as well as to concentrate the heat exactly where it 
required, viz., on the place where the formation of th 
clinker is to take place Each furnace has a capacity of 
about 25 tons of clinker each 24 hours. The clinker 
ground in ball mills and finished in tube mills 


U. S. EXPORTS to Cuba, Porto Rico and the Hawaiian 
Philippine and Samoan islands will reach $45,000,000 in 
the fiscal year ending this month, says the U. 8S. Bureau 
of Statistics. The totals for these islands are Cubs, 
Porto Rico, $2,000,000. Hawaii, S15 000.000 
the Philippines, $2,500,000, and for Samoa, &125,000 
These figures average twice as much as in any previous 
year, except in 182-3 and 4, when reciprocity largely 
increased our exports to Cuba and Porto Rico. But even 
in the great export year of 1893, the Cuban business wa 
$24,157,000; that of Porto Rico averaged $2,750,000 in the 
three years named, and the Hawaiian export for ISi)-1900 
is five times what it was in 1803 and four times that of 
1806. The total imports from Cuba will show a total of 
about $31,000,000 for this year against $15,000,000 in ISS 
and $18,700,000 in 1897; but in the reciprocity years th: 
average imports were over $75,000,000 per annum. The 
imports fiom Porto Rico will be $1,550,000, or less than 
the total for any year since 1880; though this is largely 
due to the destruction of crops by last year’s tornado. The 
Hawaiian imports will aggregate $21,000,000, or double the 
yearly average prior to IS} and 20% higher than any 
preceding year. 


> 


THE COTTON EXPORT OF THE UNITED STATES, in 
April, 1809, says the U. S. Bureau of Statistics, amounted 
to 264,044,318 Ibs., against 134,397,328 Ibs. in April of las: 
year; the respective values compared as $24,U84,07S to 
$8,435,007, and the average price per pound was 9.8 cts 
this year and 6.3 cts. last year. Owing to this sharp ad 
vance in the price of cotton, and consequently in cotton 
cloth, the export in cotton goods has fallen off this year, 
from 31,751,887 yds. in April, 1899, to 16,143,183 yds. in 
April, 1900; though the value of the export in 1000 was 
$1,614,812 as compared with $1,911,511 in 1Su9. 


BIDS FOR NAVY SHELLS were opened by the Naval 
Ordnance Bureau, on June 1, in response to re-letting 
of this contract. At the opening of bids some weeks ago 
the proposals of four companies were found to be identi 
cal at $310 each for 0 12-in. armour-piercing shells, and 
$195 each for 600 12-in. common shells: as a result of this 
evident collusion all bids were rejected. On June 1, the 
bids were as follows: For 600 12-in. armor piercing 
shells, the Midvale Co. bid $255 each; B. Attva & Co., 
$150 each; Carpenter Steel Co., $144.75 each. and the 
Firth-Sterling Co., $164 each. For the 600 12-in. common 
shells, the same companies bid respectively, $85, $110, 
$132 and $164 each. 
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THE SURVEY OF THE MOUTHS OF THE YUKON 
RIVER, ALASKA. 


By G. R. Putnam, Assoc. M. Am. Soc. C. E., and 
R. L. Faris.* 

The sudden development of the Klondike gold 
fields in 1897 created an unexpected demand for 
transportation facilities. The only all-water route 
was by way of the Yukon River, and attention 
was at once directed to this stream. A special 
apropriation was made by Congress for its survey, 
the intention being more particularly for a thor- 
ough examination of its mouths. Although there 


Another small steamer, the “Taku,” of nearly 
the same dimensions as the “Yukon,” but of much 
heavier construction, was built at San Francisco 
and proceeded to St. Michael under her own steam. 
There was also a good equipment of whale boats, 
dinghies, canoes, and two open scows, useful in 
transporting coal, supplies and camp equipment. 

On account of the lateness of the ice in moving 
out of St. Michael Bay, parties cannot count on 
reaching this headquarters before the last week 
in June, and it is prudent to leave St. Michael 
the first week in October, for the same reason. 
The total available season is therefore but little 


Off the Yukon Delta Coast, 114 Miles from Shore. 


had been rumors of a deep entrance to the Yukon, 
yet the delta of this great river had always been 
shrouded in mystery. In former years the little 
commerce with the interior of Alaska had been 
carried by one or two small river steamers, which 
received their cargoes at St. Michael, 52 miles} 
northeast of the nearest mouth of the Yukon, and 
made the run down the coast and entered the 
Apoon Pass, a narrow outlet with less than 2 ft. 
of water on its bar at low tide. It was obvious 
that it would be a great benefit to commerce to 
find an entrance for deep draft vessels, as well 
as a more southerly one, having a longer open sea- 
son than St. Michael harbor, which is only free 
fron ice for about four months each summer. The 
required surveys of the delta and mouths of the 
Yukon and the adjacent coast were carried out by 
the Coast and Geodetic Survey during the past 
two years. The results were negative as regards 
a deep water entrance, but they developed re- 
markable errors in the geography of the region. 
The usual conditions encountered in carrying out 
such work in so high a latitude as well as the geo- 
graphical interest of the outlet of a great river, 
warrant some account of these operations. 

As a considerable part of the surveys were 
hydrographic, and as practically all transporta- 
tion in this region is by water, the vital part of 
the outfit was the boat equipment, and the great- 
est care was bestowed upon this.—| The “Yukon,” 
a small steamer (length 75 ft., beam 16 ft., draft 
tight, 4 ft.) specially designed for shoal water 
navigation and yet with fair seagoing qualities, 
was built at Morris Heights, N. Y., and then 
knocked down, each piece being numbered, and 
shipped by rail to Seattle and thence by steamer 
to St. Michael, a total distance of near 6,000 
miles. At St. Michael the “Yukon” was again 
set up, completed and launched in six weeks, in 
time to be used the same season in the hydrog- 
raphy of the river mouths. This steamer is of 
especially light and strong construction, com- 
posite, with steel frames and wood planking, ma- 
chinery and boiler light and compact, and with a 
large drafting room and other conveniences for 
surveying work. The “Yukon” has a coal ca- 
pacity of about 20 tons, sufficient for two or three 
weeks of ordinary duty. Besides this steamer 
there were constructed at the same place two 
launches, 32 ft. long, 8 ft. beam, 2% ft. draft, de- 
signed likewise for shoal water work, and having 
machinery and boiler so compact that there was 
room for several persons to live comfortably 
aboard of each, and coal capacity for 5 days. 


*Assistants, U. S. Coast & Geodetic Survey, Washing- 
iven in statute miles 

+All stances give 

tThe equipment for this work was planned by Mr. J. F. 
Pratt, Assistant, Coast and Geodetic Survey, who also 
had charge of the first season’s surveys. 


Pipe Signal on the Yukon Bar. 


over three months, and from this must be de- 
ducted the considerable time required in handling 
the equipment, as the steamers must be launched 
at the beginning of the season and hauled out 
and roofed over at the end. This extremely brief 
season, the great extent of region to be examined 
and the other conditions of work here (such as 
unusual expense) all necessitated a careful con- 
sideration of the planning of the work so that 
without sacrificing any needful accuracy, the 
greatest amount of useful information might be 
obtained in the limited time. The methods men- 
tioned will generally be those finally adopted in 
the second season’s work. 


Control. 


The astronomical position at St. Michael was 
taken as the initial point for the surveys. The 
latitude and longitude had been determined here 
with care, in 1891, the former by the usual zenith 


tions, @ mark was set nearly in the 
the transit instrument, where practice 
sighting on this before and after ob. 
Star transits, a fairly accurate azim 
tained with little additional work. 
introduced into the triangulation th, 
thus determined and two others obta), 
dolite observations on Polaris. In 
of detached work it proved impract 
course of two weeks to obtain any 
tions, so that in this case the position 
used depend for the present upon 
sun observations. 

The work is controlled by a system 
tion carried from St. Michael, follow 
and adjacent hills to the river, and - 
the passes across the delta to the 
mouth, and then again along the coas: 
angulation branches off to the Kaw. 
and also up the main river to near Ani: 
reaching all the important portions « 
Such a scheme, following in detai! 
fea.ires, was considered much mor 
at present for this region than a large; 
artificial plan, for the reason that the | 


have been much less directly avails 
topographic and hydrographic work an 


longer lines would have required much : 


because of the little favorable weather 
of the narrow and crooked passes 
the triangulation was involved and diff 


sitating in one case the use of 109 tria 
stations to cover a distance of 39 linea: 


river. 


In the Kwiklowak Pass and main ri\ 
ever, more favorable conditions were en 


the river averaging over a mile in 


being comparatively open and straicht 
a distance of 87 miles was triangulat« | 
working days, together with the hydrog 

topography, by parties using a steamer 
and boats. In this part of the work an 0) 
could occupy about six stations a day anid | 


the intermediate shore line. 


Seven and eight-inch theodolites were 


the angles were measured by simply 


round of directions with telescope direct 


in the opposite direction with telescop: 


ia 


in each case coming back to the Starting signa! 


In a few cases where the ground was unsia 


angles were measured by the method 


tions, having the advantage that the ob 


less apt to disturb the instrument b) 


his position. At the triangulation stati: 


U. S. Coast & Geodetic Survey Steamers at St. 
Michael, Alaska. 


telescope method, and the latter by observing 
numerous moon culminations and occultations. 
In the present work additional astronomical ob- 
servations more or less extended were made at 
eleven other places, for the purpose of giving 
temporary starting points for work as well as to 
furnish a check on the trigonometrical connec- 
tions. A combination transit and zenith telescope 
and ten chronometers were carried. The instru- 
ment was set up at St. Michael, and then in suc- 
cession at the various temporary headquarters, 
and observations for time and latitude obtained 
as the exigencies of the weather and other work 
permitted. In connection with the time observa- 


Among the Mosquitoes. 


tangents were taken to islands, bars, 
and directions (with vertical angles) to 
mountains, thus materially assisting in 
the topography. The best instrument 
work in this northern region is a light ' 
with about 7-in. circle capable of bein: 
attached to its tripod, provided with v" 
cle and having lines suited for either st 


or astronomical observations. Such 


ment should give horizontal angle m: 
the needed precision, and at the sam 
capable of use for any other work that ! 


a necessary condition for complete map 

these coasts. In the work up the 

Pass and Yukon River the average cl 
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vas 10’, and the discrepancies 
‘rom one base to another ranged 
th to the 1-3,600th part. Of 
+ less favorable results were ob- 
.ting along the narrower passes. 
» was carried forward by quad- 
practicable, but no great amount 
. taken in selecting these or in 


riety of methods was used. The coast between 
St. Michael and the river and some other portions 
were done with the plane table; the freni cf the 
delta and Scammon Bay were surveyed by transit 
and stadia traverse lines; and the river topog- 
raphy through the delta channels was obtained 
with sextant, theodolite and sketch book. The 
Coast and Geodetic Survey plane tabie was em- 


Stamite Miles 


2 w 20 60 an 


120 140 200 220 


Shaktohk Hamiltan Lag 


MAP SHOWING OUTLINE OF YUKON DELTA. 


utting out lines of sight. It was necessary to 
itilize all sorts of weather and the stormy days 
were often spent in signal building when it was 
sometimes so thick that the stations had to be 
selected as to their intervisibility by a sort of 
ustinct. A large part of the signals used were 
built of drift wood varying in diameter and height 
iceording to the length of lines; a convenient plan 
was found to be to drive a large stub well into 
the ground and in the center of this a wire spike 
sharp at both ends marked the station; the signal 
pole having a central hole in its foot was set up 
ver this and braced, and could be quickly lifted 
ff to occupy the station. The stations on the 
coast and on the hills at the head of the delta and 
at desirable points along the passes were marked 
with rocks and bottles; most of the stations in 
the delta can only be temporary in character on 
.ccount of the caving banks and the debris of the 
spring floods. Eight base lines were measured 
n the delta, one at St. Michael and one at Scam- 
mon Bay, all these except the latter being con- 
nected in one scheme of triangulation. In the 
delta the average distance between bases is 21 
miles, it being thought much more economical to 
preserve a sufficient linear accuracy by the meas- 
irement of frequent bases than by elaborate 
ingle measurements. In this region the open 
flats and sand bars afforded excellent opportunity 
for base measurement. In general these bases 
‘re sides in the regular triangles, and average 
1.1 miles in length. They were measured with 
Steel tapes lying on the ground stretched under 
onstant tension, the lengths being marked by 
Pins stuck in the sides of stakes. Thermometers 


— fastened directly to the tapes. As an ex- 
Ample of this work, the Great Bend base, 1.5 
miles in Jeneth, was ranged out and measured 
nc-half day. The two measurements 


eee ae 1-30,000th part; usually the agree- 
oe urements was much better than this. 


Topography. 
The topography of the shore and immediate 
cast ani clta regions was developed as an es- 
Sentia) 


Ly of the surveys. A considerable va- 


ployed, a stable instrument with board 24 ins. by 
30 ins. Celluloid instead of paper sheets were 
corsiderably used for the reason that, being un- 
affected by moisture, work could be continued un 
interruptedly during the light drizzles and mists 
so frequent on this coast and which would quickly 
ruin a@ paper sheet. With the partial protection 
of an umbrella work could be carried on with the 
celluloid during any rain that would permit the 
use of the telescope or sighting upon the rod. 
The celluloid used was in thin white sheets, 2U x 
50 ins., rolling like paper, and having a smooth, 
hard ground surface, pleasant for drawing, and 
retaining pencil marks much better than paper. 


Sounding on the Bar, Apoon Mouth of the Yukon. 


The objection to the material is that it draws 
up along the edges and that it does not retain 
ink well, but the latter may be partially overcorme 
by moistening with alcohol before inking. The 
celluloid contracts with time, but uniformly in 
all directions. Generally the topography done on 
celluloid was transferred to projections on paper 
sheets for final preservation. Special stadia rods 
were made for this work having very prominent 
and self-speaking marks, especially conspicuous 
at the hundred-meter intervals. It is believed 
that the nearest meter can be estimated as ac- 
curately from the ten-meter graduations used on 
these rods as it is ordinarily read in such work 
and the omission of the numerous fine points 


diminishes the liability to large errors and greatly 
facilitates the reading of the rog In favorable 
weather the marks on this rod could be seen at 
1,000 meters distance, though not :mtended to be 
used at more than 600 meters. Diagrams specially 
prepared for zonvenient ficld use were employed 
to derive the elevations from the observed ver 
tical angles and distances. 

A transverse line was run along the coast of th: 
delta of the Yukon River from the Kwiklowak 
to the Appon mouth, a distance of S} miles, ana 
the topography was sketched from the treverse 
stations, of which there were 271 at an average 
distance of nearly 500 meters. No white man had 
ever passed around this shore, and its survey was 
considered something of a problem on account 
of the extremely shoal water between the chan 
nels and because of the character of the coast, 
marsh and mud, cut by numerous outlets. The 
work was successfully accomplished by an ob 
server, accompanied by three men (rodman, boat 
man and cook). All supplies, including several 
weeks’ provisions, were carried in a Petersborough 
canoe and a small dinghy. It was necessary to 
have the canoe constantly follow to ferry across 
the deeper channels; in places the water was so 
shoal that at low tide the canoe would be com- 
pelled to keep so far out as to be visible from the 
shore only with a field glass. This arduous piece 
of work was accomplished between August 5 and 
Sept. 8 in 21 actual working days. The instru 
ment used was a 7-in. engineer’s transit with a 
special graduated stadia rod (similar to that used 
on the Mexican Boundary Survey). The limita 
tion of size of party, due to difficulties of trans- 
portation, prevented the use of more than one 
rodman; therefore only forward readings for dis 
tance were taken, and the backsights were made 
on stakes left at each station. Asa check the half 
distance was read. In some cases it was neces 
sary to triangulate across streams. This tra 
verse line is controlled by its joining the delta 
triangulation at.each end and at an intermediate 
point, the Kawanak mouth. No great precision 
could be looked for in working in this manner 
along a marshy shore, but the agreement with the 
triangulation was suflicient for the purposes in- 
tended. At Scammon Bay the topography was 
obtained by the transit and stadia method, con 
trolled by triangulation and traverse, only the 
actual shore line being rodded, and the elevations 
determined by intersections. A useful method was 
employed here in locating inaccessible features at 
the water line, such as breakers, sand bars, etc 
The elevations and positions of several high points 
overlooking the bay were determined, and from 
these the directions and vertical angles of depres- 
sion to the desired features were observed. Using 
the elevation as a base the distance can he readily 


Surveying Launch. 


computed or read from a diagram (allowing for 
curvature and refraction where necessary) and 
the points at sea level plotted. This principle was 
used to advantage in making a reconnoissance of 
a considerable stretch of unknown coast, as well 
as a portion of the river, of which’time did not 
permit the survey. It is believed that it would be 
especially valuable when working along an ele- 
vated coast in locating off shore rocks and break- 
ers and in making certain the identification of 
those located by intersections from several points. 

The greater part of the shore line of the delta 
channels was located with the sextant. At all 
prominent points two or three sextant angles 
were taken on the triangulation signals, and these 
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were recorded in a book containing a continuous 
sketch of the river banks, bars, islands, etc. In 
the office these positions were plotted with a 


three-arm protractor in the same manner as boat 


positions in hydrographic work. To assist in con- 
trolling and filling in the topography, tangents to 
bends, bars and islands were taken with the theo- 
dolite when observing at the triangulation sta- 
tions. The necessary nearness and frequency of 
these latter also gave a good control to the topog- 
raphy. This method of work was found to be 
efficient and rapid, and its accuracy simply de- 
pends upon the nun‘ber of positions taken. The 
following method of work, combining all the oper- 
ations in an economical manner, was adopted on 
the larger channels and main river. The steamer 
proceeded up one bank and the steam launch up 
the opposite bank, erecting triangulation signals 
at convenient intervals. Usually the worst wea- 
ther was utilized for this part of the work; about 
16 signals could be built ina day. After gcing up 
the river a distance of perhaps 20 miles, two 
boat parties started down, one following each 
bark, observing the angles at the triangulat‘on 
stations and taking sextant angles and sketching 
for the topography. At the same time the steam 
launch filled in the hydrography for the same 
stretch. Towards evening the steamer dropped 
down the stream and picked up all hands. 
Sketches of 5 to 10 miles of river were thus cov- 
ered in one day. 

All elevations were located and heights deter- 
mined from the triangulation stations. The new 
photo-topographic cameras of the Coast and Geo- 
detic Survey were used also to some _ extent, 
rounds of photographs being taken from the tri- 
angulation stations, and these aided much in 
working up the topography, although in general 
this region is too flat for a profitable application 
of photographic methods. 

As four different topographic methods were used 
on this work, there was an excellent opportunity 
to compare their merits. The conclusion is that 
the plane table is to be preferred wherever prac- 
ti-able as having the great advantage of showing 
at all times the progress made and of permitting 
the filling in of the detail in actual view of the 
country being mapped, but in the work under con- 
sideration it would have been inconvenient and 
less accurate than the transit in running the long 
traverse along the marshy borders of the delta, 
and it certainly would have been less economical 
than the sextant method in the delta channels 
with banks thickly covered with bushes. 

Hydrography. 

The hydrography was the main object and most 
important part of the work, but, as in all surveys, 
it was so dependent upon the land operations 
that it naturally follows them in the description. 
The equipment of steamers, launches, and boats 
was especially designed, as already mentioned, 
for work in shoal water. No matter how deep 
channels might be found, it was appreciated that 
in seeking them in this region much shoal water 
would be encountered. On account of the nar- 
rowness and crookedness of the channels and 
sudden changes in depths, both steamers and 
launches weie often aground, but were generally 
able to work off with but little delay. The steam- 
ers were provided with capstans both fore and 
aft for kedging off when an aiverse current or 
wind wou'd hold them on a shoal. To show the 
nature of this coast it may be related that in 
steaming from Scammon Bay to St. Michael run- 
ning the first line of soundings obtained around 
the Yukon delta, the steamer “Yukon” grounded 
off the Kawanak and Kwikpak mouths when 17 
miles off the land, according to the old chart 
(though actually only 9 miles). The little steamer 
was left by a rapidly falling tide in water so shoal 
that the men could wade round her, but came off 
all right with the flood tide. During this voyage 
of 200 miles, although keeping close in with a 
steamer drawing less than 5 ft. of water, the shore 
of the delta coast was never sighted. 

The hydrography was developed between St. 


“Michael and the river, at the various river mouths 


and up the passes as far as the surveys proceeded, 
and in Scammon Bay. The triangulation signals 
were found sufficient for the hydrographic pur- 
poses in most of this work. 


In following out the off-shore bar channels, how- 
ever, special provision had to be made, for long 
before the bars were crossed all land-marks and 
shore signals had disappeared. At first it was 
aitempted to build wooden tripod signals in shoal 
water, but at high tide the combined effect of 
wind, waves and buoyancy usually destroyed 
these. In 1899 an iron-pipe signal was adopted 
which was simple, economical and efficient. Tri- 
pods were set in the water, composed of three 20- 
ft. lengths of ordinary %-in. iron gas-pipe, pro- 
vided with cross fittirgs at the top through which 
they were bound together with telegraph wire. 
Sticks with flags were put in the upper sockets 
of the fittings and broad banners of black cloth 
were fastened around the tripod. These signals 
were set up either from the bridge of the steamer 
or from a small boat, the pipe bein: driven or 
worked a foot or so into the sand. Most all of 
them stood su2zessfully, even on the outer edge of 
the bar. They were lighter, cheaper, and much 
less bulky than wood for the same purpose, and 
could be erected in a few minutes. Their positions 
were determined partly from the shore triangula- 
tion stations and partly by a sextant triangula- 
tion carried from signal to signal. Such signals 
were observed with the sextant over four miles 
off. In some cases single pipes driven in the sand 
and mud bottom were used, but the diameter was 
too small to render their permanency certain. 

It was often found extremely difficult to follow 
andi sound the narrow and tortuous channels 
among the hars with a steamer, but it was not 
eonsidered practicable to use either steam launch 
or pulling boats in this off-shore work, for the 
reason that to observe from the water level would 
have required many more signals than from the 
elevated bridze of the steamer. 

In connection with the hydrography the tides 
were observed at 27 points (some for short inter- 
vals) and currents and sea water densities were 
measured as opportunity offered. Self-registering 
tide gages were maintained at St. Michael and 
at the Kwiklowak mouth of the Yukon. In ad- 
dition, tides were observed in the vicinity of the 
sounding work. The steamer anchored on the 
bar several times and set out temporary tide staffs 
to determine the relation in time and range be- 
tween the tides there and at the tidal station. 


Summary of Results. 


The following is a brief summary of the work 
during the season of 1899, between July {), when 
the parties left St. Michael, and September 15, 
when they returned there to put the steamers in 
winter quarters: Astronomical stations, 11; tri- 
angulation stations, 412; topography, miles of 
coast, 270; miles of river shore, 525; miles of 
sloughs, 280; hydrography, miles of soundings, 
2.360; number of soundings, 65,000; magnetic ob- 
servations at nine stations. The work of 1899 is 
plotted on 40 topographic and hydrographic sheets 
mostly on a scale of 1-20,000th. This scale was 
as small as it was convenient to plot the hydrog- 
raphy. While smaller scales might have been 
used for the topography, it facilitated the work 
to have the sheets uniform. 

Some of the more interesting geographic re- 
sults of the work are these: It is 94 miles around 
the front of the delta from the Kwiklowak to the 
Apoon Mouth, and to the head of the delta it is 
45 miles from the former and 58 miles from the 
latter by the river channels. ‘The real delta of 
the Yukon is probably very much longer than 
this, as the Kashunuk slough is reliably reported 
to leave the river some distance further up and to 
empty into Behring Sea 100 miles south of the 
Kwiklowak, making a total area in the delta of 
9,000 square miles. There are 26 outlets of the 
river more than 200 yards in width at the coast; 
of these the three most important, the Kwiklo- 
wak, the Kawanak, and the Apoon, were sounded 
out. The latter gets its importance from its 
position rather than its size, as it discharges less 
than 1% of the water of the river. It has less 
than 2 ft. of water on its bar at low tide, but it 
is the only mouth used or likely to be used, be- 
cause of its convenience to St. Michael, and the 
fact that it is the only mouth having land marks 
in sight in crossing the bar. The Kawanak, dis- 
charging about 14% of the river water, has ap- 


parently the best channel to sea \ 
depth of 9 ft. The Kwiklowak, muc: 
pass, carrying 75% of the water 
divides into five channels at its mout} 
which has only 7 ft. to sea. In the ; 
the shoalest part of the bar is five mi 
coast and 18 miles from the mouth. 
mouth this pass has a channel wit} 
depth of 20 ft. as far as surveyed 
near Andreafski). The greatest d:, 
in the river was S84 ft., and the gr 
of open water 2.2 miles. The sma) 
the mouths are surprising in view 
nitude of the river, which ranks amv 
in North America. A cross section 
observations were obtained at a poin 
river was well confined, 73 miles fron 
lowak mouth. These gave a discharge. 
of 436,000 cu. ft. per second, which is s) 
than two-thirds the mean discharg: 
sissippi. It is thought that this is abo); 
age for the year, for although the ; 
its low summer stage, it andoubtedly 
in winter and the banks showed that it 
12 ft. higher at this point in the S} 
tides at the Yukon mouths are gs) 
mean range of 4 ft. A tide of about 
observed 62 miles up the river from : 
wak mouth. It is an interesting fact 4) 
Kwiklowak mouth there are two ti)! 
while at the Apoon mouth there is bu! 
question of possible improvement of |} 
of this river in case commercial 4 
should demand it is interesting becay 
conditions existing so near the Arctic 
ice action would be an important fact 

A considerable error in the coast 
delta was developed by these survey 
it seaward in 6ne place as much as 33) : 
adding an area of 3,000 square miles to t 
of Alaska. The long reported delusi 
great width of the bars off the Yuk. } 
dispelled and the reason some shiy hay 
grounded apparently so far from the 
counted for. 


THE MICHIGAN ALKALI CO.’S PLANT FOR MANUFAC: 
TURING PORTLAND CEMENT FROM CAUSTIC Sopa 
WASTE. 


By B. B. Lathbury, Assoc. M. Am. Sor. ©. E 


The interest manifested in the manufac! 
Portland cement in this country during th: 
ten years, and the phenomenal increase in its pro- 
duction, due not only to the enlargement of +x- 
isting plants, but to a greater extent to the |a 
number of new plants erected, has arous:d fina: 
cial interest in Portland cement manufactur: 
new and undeveloped localities. As a result 
wakening among men with money to iny:st ther 
has been a tendency to experiment with materials 
heretofore never successfully utilized fv: 
duction of Portland cement on a commervi:! scale 

The earlier history of the Portland cement in- 
dustry in this country centers around that sect 
in Pennsylvania close to Allentown, which is com- 
monly known as the Lehigh Cement [strict 
where the raw material used is argillace is lime 
stone. The productive zone afterward © xtended 
northward through New York State, w! ma! 
and clay as raw materials were princi: y util 
ized. The next locality developed was in Stat 
of Ohio. The mills erected during the «irly de- 
velopment in this state manufactured ement 
from marl and clay. Afterwards came | utili- 
zation of limestone and clay, and the gs: lal eXx- 
pansion of the industry westward by th: hol 
and successful operation of mills using » mat 
and limestone in the states of Ohio, In na, Il- 
linois, Michigan, Wisconsin, Texas, Utah level 
into the far northwest, Dakota. The ca! study 
of conditions, made necessary by the cont: plated 
use of different materials, has necessari|\ ought 
about radical changes in the method anu- 
facture, until at the present time 90%, o! Port- 
land cement produced in the United 
manufactured in this country by the ! kilt 
process from materials such as the 4! 
limestone, found principally in the Lv! Dis- 
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q — and clay deposits of New York, vestigation into the value and adaptability of the vestigations are entirely removed Considerabl 
; .nd Indiana; and the limestone m vterial as a lime ingredient, for the manufacture doubt, however, was created by the high magnesia 
: ‘ .< of New York, Ohio, Illinois, and, of a high grade of Portland cement. The experi- content due to the quality of the limestone, which 
. in a few other western states. ments were undertaken by the firm of Lathbury & was first burned and afterwards used in the caus 
: use to which Portland cement Spackman, and of which the writer is a member, tic soda plant. Another unfavorable condition pre 
: ri the past five years, has to whom also was entrusted later on the design sented itself in the considerable percentage of un 
; during p 
ited the rapid development of the and construction of the entire plant. The investi- combined silica in the clay due to the coarse grit 
. while new plants have been erected gation extended over a period of one year, and em- found throughout the deposit. 
time, the increased production has bodied both chemical and physical laboratory ex- Burnings were undertaken in a small down 
da the almost phenomenal demand. periments. draft vertical kiln from different mixt s of th 
has not only induced capitalists to The raw materials used in the investigation wer waste and clay with results not wholly satisfac 
= of dollars in a thoroughly safe and the residuum or waste from the caustic plant, tory. The resulting clinker was largely under 
istrial enterprise, but has influenced which is pure white in color, free from grit, and burned, due to the insufficient heat in the kiln 
: ; xperiment with various raw mate- practically a precipitated chalk, containing ap- Proper correction for this defect being found, a 
to ascertain their suitability for use proximately 40% of water, and the bluish clay ob- hard-burned, dark green, crystalin nker was 
Zs .cture of Portland cement. tained from the lowlands bordering the Detroit produced from a mixture of 100 parts clay to 260 
a ago experiments were made in River on the property of the company, south of parts of waste by weight Briquettes were made 
me 
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es PLAN AND SECTIONS OF THE MICHIGAN ALKALI’S PLANT FOR MANUFACTURING PORTLAND CEMENT FROM CAUSTIC SODA WASTE. 

Lathbury & Spackman, Philadelphia, Pa., Engineers. 
lime q France with the waste product from the manu- Works No. 1. The samples secured at various from the cement of this burning and tensile tests 
I 
ded ucture of soda with a view of ascertaining times during the progress of the experiments, carried over a period of one year, and the 
~ hether when mixed with suitable clay, it could be gave fairly uniform chemical results, of whick the strength, both of neat cement and of three parts 
uti utilized as an ingredient to produce Portland ce- following are average analyses of both the waste sand to one part cement mortar, incresed normally 

Stat os The results, however, did not warrant the and clay: from seven days up to one year, showing the qual- 
yd tion of a plant in order to produce cement on Waste. ity to be equal to the very best American or im- 
mt commercial scale, Laboratory experiments were Calcium carbonate (CaCO,;)...... 74.85 ported cements. The cement was also subjected 

( 50 40%, CaC J 

‘iso conducted with such waste in England as = .40% Cad. during the entire year to the most severe tests to 

il ex- early as ISTO, but they also were unsuccessful, due Magnesium hydrate (Mg(OH),)... 1.52% § = 4.97% Mgo. detect any injurious effects from the high 
t principally to the deleterious effects of the sulphur magnesia content, but under all conditions the 
mat mp »xisting in the waste. Later the Eng- Sulphur (S) ge gate 06% specimens maintained their constancy of volume 
. I sh ch Chance, announced his recovery pro- Alkalies (K,0.Na,0) .........-+- -50% with absolutely no signs of disintegrating or 

I vag separation of the calcium and ferrous *(A1,03 + Fe,0s3). cracking, whether allowed to remain in air or im- 
studs iiph rom the waste, but the method, it ap- Clay. mersed in water at varying temperatures. Not- 

a ars, was never employed commercially, due, no Sites (S108 oxide Withatanding the high magnesia, the results clear- 
1g : expense in treating the raw ma- Calcium carbonate (CaCOs)..........--++++++00- 25.07% \y demonstrated the entire suitability of the ma- 

3 Qor 
in rials terial for the manufacture of the highest grade of 

P past five years, the waste product Alkalies (K,0.Na,O) 2.04% Portland cement. A favorable report was there- 

( 2 2 

\ustie soda plant at the works of the Loss on 15.75% fore rendered, with the suggestion, however, that 
k Mi kali Co., located at Wyandotte, Mich., Unlike the English alkali works employing the by using a limestone with a lower percentage of 

s 4 119 y accumulating at the rate of about Leblanc Process, the Michigan Alkali Co, use the magnesia, results would be obtained which would 
Dis q 8 } ‘ay. Means were sought to dispose of Ammonia Soda Process, giving a residuum prac- place the cement on an equal basis with all others 
q nis \o a number of industries, but with- tically free from sulphate of lime; therefore the manufactured, and thereby avoid possible unfa- 
. ind it was decided in 1897 to conduct deleterious effects of the sulphur compounds’ vorable criticism. 
xp 


ind make a careful and thorough in- 


which had proved so disastrous to the English in- 


Steps were immediately taken therefore to lo- 
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rk has been almost entirely elim- 
+o avoid the liability of loss arising 


~ and conveying machinery thrqugh- 
= most complete and substantial in 
ving been designed with a view of 
idea of avoiding manual labor as 
The movement of all elevators and 
jependent on the operation of the 

.chine or group, which they either 

which they remove the material. 
eption of the few men required in the 
yperly to care for the machinery and 
= adjust nent, and also the usual num- 
for packing and handling the finished 
it is being loaded on the cars, there 

» use for manual labor, as the plant 
, is as nearly automatic in the process 
: ure as it is possible to make it. The 
building is one located between the 
- ‘he river, in which are well-equipped 
che nd physical laboratories, together with 
office the Superintendent. 

An « feature of the plant is the relatively 
covered by the buildings when com- 
nared , the total capacity, which makes it one 
of th st complete plants in operation. Includ- 
‘ne the stockhouse, with a capacity of 40,000 bar- 
rels of fnished cement, all the buildings only cover 
an area of 25,000 sq. ft., while the capacity of the 
plant {0 barrels per day. The machinery is 
so arranged that while all available space in the 
buildings is utilized, care has been taken to avoid 
any crowding, and access can be readily gained 
to all machinery and apparatus for necessary re- 
pairs or adjustment. 

The plant, being located on the Detroit River, 
affords excellent facilities for water shipment by 
the Great Lakes. There are also railroad switches 
from the Lake Shore & Michigan Southern and 
the Michigan Central railways, which run directly 
into the works. The plant is operated as part of 
the Michigan Alkali Co.’s works, and the waste 
product is delivered to the cement plant at a fixed 
charge per ton, which about represents the cost 
of excavating and hauling it from the caustic 
soda building to the cement plant. It is only neces- 
sary, therefore, for the clay to be excavated from 
the adjoining field and hauled to the mill in steel 
ars, Which is effected at a small cost. 

The plant has been in operation since Septem- 
ber, 1809, and ample time has thus been afforded 
to carefully observe not only the process and 
cost of manufacture, but also the quality of the 
product. As the cost of delivering the raw ma- 

rials at the mill is low, and the machinery and 
equipment being favorable for economic manu- 
facture, a Portland cement of the highest grade is 
produced at a low cost. The problem, therefore, 
seems to have been solved for the utilization of 
this residuum or waste product from the caustic 
soda plant, and whereas it has formerly been a 
burden and expense to handle it, by such conver- 
sion it has now become a valuable by-product, and 
a source from which the Michigan Alkali Company 
will enjoy a profitable revenue. 


STRENGTH OF CONCRETE WITH DIFFERENT PER 
CENT. OF VOIDS FILLED. 
By Wm. A. Hawley and B. F. Krahl.* 

Two very common errors in writing the specifi- 
cations for concrete are: (1) Screened stone is re- 
quired when unscreened would be better; and (2) 
‘he proportion of mortar is fixed independently of 
the voids in the stone. Screened stone contains a 
sreater percentage of voids than unscreened, re- 
quiring more mortar for the same volume of stone, 
‘id is, therefore, more expensive. It appears to 
e universal custom to fix the proportion of 
mortar and broken stone independently of the per 
ent. of voids, and, therefore, the resulting con 
rat be dense and strong, or the reverse, ac- 
ne to the percentage of voids in the stone. 

riters made a series of experiments to de- 
» strength of concrete having different 
relations between the voids and the mortar. Al- 


yha A in Portland cement, blue limestone, 
and ind were used. The proportions of the 


fa graduation thesis, prepared by t these two 
A ae of 1900, at the University of Lllinois, 


TABLE 1.—Showing Crushing Strength of 6-in. Con- 
crete Cubes. 


Crushing strength. 
-—Per cent. of voids filled with mortar. 
25 10). 75. 


Approx. Approx. Approx. 
Age. corresponding corresponding corresponding 
to -to 1—-3—7.5, 1—3—10 
Lbs. pr Lbs. pr Lbs. pr 


sq.in. Total. sq.in. Total. sq.in 
1,447 42,480 1,180 31,010 861 

1,576 45,690 1,269 .31,940 SS7 
(62,200 1,728 1 307 33,390 


Mean ....57,010 1,584 46,483 1282 32113 892 


1,282 2 

69,000 1917 66,000 1,833 61,800 1,717 

30 days 65,000 1,806 64,200 1,783 54,2000 1,505 
59,800 1,661 1400 1,104 


Mean ....64,600 1,795 
97,000 2.604 3,2: 
93,000 2.583 338,000 
SS,000 2,444 


53,000 1,472 
37,900 1,035 
25,250 


vO days 


Hm esi 


Mean ....92,666 2,579 40,625 1,128 33,075 919 
TABLE II.—Showing Transverse Strength of 6x6x18-in. 
Concrete Bars. 


Breaking load. 
cent. of voids sited with mortar. 


25. 1 Th. 
Approx. Approx 
Age. corresponding corresponding corresponding 


cto cto 1—3—7.5— --to 1—3—10 
Unit stress Unit stress Unit stress 
Lbs. pr Lbs. pr Lbs. pr 
Total. sq.in. Total. sq-.in. Total. sq. in 


2,780 347 1,790 224 1,70) 219 

7 days 2,520 315 1,830 229 1,550 194 

Mean .... 2,650 332 1810 226 1,650 206 
3,980 498 4,240 530 2,170 

30 days 2 

Mean .... 3,890 486 4,075 500 2,015 252 


602 5,000 625 2,000 2) 


4,820 
90 days ...{ 5,050 631 4,800 600 2,500 312 


‘“ 3,800 475 3,910 489 1,860 
{ 


Mean .... 4,935 O17 4,900 612 2,250 281 
TABLE III.—Showing Relative Compressive and Trans- 
verse Strength of Different Grades of Concrete. 
a cent. of voids filled with mortar. 

25 %. 


Approx. Approx. Approx. 
Age. corresponding c orresponding corresponding 


-to 1—3—6.—, 1—3—7.5— -to 1—3—-10 
Crushing Strength. 


123% 100% 69% 
cages 107% 100% 68% 
223% 10% 81% 

Mean .... 153% 100% 79% 
Transverse Strength. 

146% 100% 91% 
95% 100% 49% 
100.7% 100% 16% 

Mean .... 115% 100% 62% 


TABLE IV.—Showing Relative Costs of Different Grades 
of Concrete. 
of void filled with mortar.- 
100 


75 
Material. Price. —1—3—7. --1—3—10.5 


mt. Cost. Amt. C oat, pa Cost 
Stone. 50 ce. yd. $1.41 0.97yd. $1. 46 0.99yd. $1. 48 
Sand. 44‘ 33 26 .26 23 
Cement. 3.00 barrel “S6bb1 2.58 .69bb1 2.07 1.56 


$4.3 $3 79 $3.24 
Relative cost, % ......... 114 100 86 


mortar were 1 to 3 by volume, loose. The per cent. 
of voids filled were 125, 100 and 75, respectively. 
The sand and cement were thoroughly mixed drv, 
and in such quantities as required for a complete 
set of cubes or bars at one time. The same size 
and grade of broken stone was used throughout 
the tests. Great care was taken to mix the mor- 
tar in the same maner each time, to use the same 
relative amount of water, and to make and tamp 
the concrete in the same manner. 

To determine the crushing strength, 6-in. cubes 
were used; and to determine the _ transverse 
strength, bars 6 x 6 x 18 ins. The cubes and bars 
were allowed to remain in the laboratory for 48 
hours, covered with a damp cloth, when they were 
removed from the molds, and placed under water 
to remain the specified time. 

The results of the tests for the crushing strength 
of the cubes are shown in Table I., and of the tests 
for the transverse strength of the bars in Table 
II. Table III. shows the relative strength of each 
grade of concrete, and Table IV. the relative cost 
of a cubic yard of each. 

By an examination of Table III. it is seen thar 
an increase of 25% in the amount of mortar, in- 
creases the crushing strength 53%, and the trans- 
verse strength 15%, or an average increase in 
strength of 34%. With a corresponding decrease 
of 25% in the amount of mortar, there is a de- 
crease of 21% in the crushing strength, and of 
38% in the transverse strength, or an average de- 


crease in strength of 30% From these results it 
is seen that the stréneth of concrete varies more 
rapidly than the per cent. of the voids filled. Th: 
maximum strength would probably be obtained 
when the concrete contains no voids and is a per 
fectly uniform and solid mass. In Baker's “Treat 
ise on Masonry Construction,” it is shown that 
when an amount of mortar equal to 100% of the 
voids is used, the voids are not entirely filled, 
as each stone becomes covered with a thin layer 
of mortar, thus forcing them apart, and increas 
ing the amount of voids. To fill the voids entirely 
an amount of mortar equal approximately to 140% 
of the voids is necessary. 

In order to obtain the relative cost of concret: 
proportioned as in these experiments, Table IV 
was computed. No allowance was made for the 
cost of labor: but as this would be nearly ihe 
same for all, the omission would not affect the re 
lative cost. 

According to Table IV., the concrete, which has 
an amount of mortar equal to 125% of the voids 


is the most economical of the concretes investi 


gated; since for an increase in cost of 14%, there 
is an increase in strength of 34%, while for a de 
crease in cost of 14%, there is a decrease in 


strength of 30 


BOOK REVIEWS. 


TRIC AUTOMOBILE; ITS CONSTRUCTION, 

RE AND OPERATION.—By C. E. Woods, E. E., M 

Ee Chicago: Herbert S. Stone & Co. Cloth; 5x 7% 
ins.; pp. 176; illustrated. $1.25. 

This book has been prepared expressly for the lay 
reader and the information given is of a general nature 
The important parts of an electric vehicle, such as the 
tires, batteries, motors and steering gear, are discussed 
at some length, and directions are given in regard to care’ 
and management. 
fully, on imitation hand-made paper with uncut edges, 
and the illustrations are half-tone cuts of complete vehi 
cles together with a few details. 


The book is printed, not very taste 


THE LOCAL GOVERNMENT ANNUAL AND OFFICIAL 
DIRECTORY.—Edited by 8. Edgecumbe Rogers. Lon 
don, Eng.: The Local Government Journal Cloth 
5x7 ins.; pp. 348; tables 2% shillings in Great 
Britain; $1 in America 

This volume contains a variety of information relating 

to English municipalities, being particularly complete for 
Greater London and its several parts For cities, towns 
and boroughs outside of London, less information 's given, 
but the publishers claim that ‘‘the names of the chief 
officials of every publie body in England and Wales’’ are 
given. These names include town engineers and sur 
veyors, a feature of special value to those wishing fo 
reach this class of officials by correspondence 


RECHERCHE DES EAUX POTABLES ET INDUS 
TRIELLES.—Par Henri Boursault, Chimiste a la Cle 
Chemin de Fer du Nord. Paris: Gauthier-Villars 
Paper; 7% x 4% ins.; pp. 200; fllustrated. 2.50 francs 
(75 cts.). 

The author takes up the preliminary study of a water 
supply for domestic or industrial purposes. He discusses 
the character of the rocks and soils in which water is 
found; and water itself from subterranean and surface 
sources In all the detail of circulation as modified by the 
materials traversed. Chapter V. is devoted to the quality 
of water, from the sky and from surface streams and sub- 
terranean sources, and its temperature, limpidity and 
natural filtration. The author points out the methods to 
be followed under varying conditions, in studying the 
geological features, the character of the stream bed and 
banks, chemical analysis, gaging of flow, ete. He {I- 
lustrates the situations discussed by simple cross-sections. 


THEORY AND PRACTICE OF INTERPOLATION: In 
cluding Mechanical Quadrature and Other Important 
Problems Concerned with the Tabular Values of Func 
tions. With the Requisite Tables. By Herbert L. Rice, 
M. S., Assistant in the Office of the American Ephe 
meris, and Professor of a ei in the Corcoran 
Scientific School, Washington, D. C. Published by the 
Author. Cloth; 8 x 11% ins.; pp. S34, tables. $3.50 

The preface states that the author has repeatedly felt 
the need of a work which would give, exclusive of other 
matter, a simple, practical, yet comprehensive, discussion 
of all that is useful concerning Differences, Interpolation, 
Tabular Differentiation and Mechanical Quadrature: a 
Work, moreover, which would include all tables apper- 
taining to the text which are required by a practical com 
puter. To supply the want thus conceived, the author 
offers the present volume. 

The text is written in a lucid style and offers few diffi 
culties to one having a working knowledge of the in 
finitesimal calculus. Although the demonstrations are 
often necessarily long, the final results are stated in the 
most convenient form for use and are illustrated by ex- 
amples. We believe that the book will be found useful 
by physicists, astronomers and others having much to do 
with observed numerical values or computed tables. 
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cate a quarry containing a more suitable limestone 
for use in the caustic soda plant. Such a deposit 
was found near Bellevue, Mich., and afterwards 
purchased by the company. An average analysis 
of this limestone contains: 


96% 
Magnesium carbonate 1% 


The caustic soda works having utilized this lime- 
stone since the starting up of the cement plant, 
the waste used as the lime ingredient contains not 
over 1% of magnesia. 

After careful consideration had been given the 
results of these experiments by the Michigan Al- 
kali Co., they decided to erect a modern Portland 
cement plant with sufficient capacity to utilize all 
the waste product that was then contemplated 
from Works No. 1. 

The design and erection of the plant, together 
with the process employed, embodies a number of 
features which will no doubt prove of considerable 
interest. The plant was erected on the lowland 
bordering the Detroit River, south of Works No. 
1° It was stipulated in the contract for the de- 
sign and construction of the plant that the ma- 
terials used should be of the very best quality, 
and all machinery and apparatus should be thor- 
oughly up to date; that the plant should be made 
is nearly automatic in operation as possible; and 
that the latest known devices and apparatus for 
handling materials and eliminating manual labor 
as far as possible should be used throughout the 
construction. The buildings are constructed of 
steel framework, with brick sides. Clear spans 
were used throughout the construction in all the 
buildings, and the trussses are carried on brick 
pilasters. The roofs of the buildings are covered 
with slate, which is nailed to 2-in. hemlock sheath- 
ing, which in turn rests on the purlins. Owing to 
the soft nature of the ground, water being found 
at a depth of 2 ft. from the surface, the brick 
walls of the buildings were designed to rest on 
arched foundations. These four-ring brick arches 
span the bays between the truss lines on the long 
sides of the buildings and between the pilaster 
footings on the gable ends. The entire weight of 
the walls, as well as the trusses are, therefore, 
carried on the concrete piers from which the arches 
spring. 

The kiln and mill building proper and the stock- 
house are constructed in pair, each with a span of 
42 ft., while on the north end, occupying in length 
a space of two bays, are 84-ft. trusses covering 
the width of the two buildings. Under this part 
of the building a second story has been provided, 
constructed of steelwork with brick arched floor, 
figured to carry a safe load of 600 Ibs. per sq. ft. 
This floor is supported on steel columns which rest 
on independent footings. The coal grinding de- 
partment, boiler house and engine room = are 
housed under the same building, having a 50-foot 
span, but partitioned off with brick walls, as 
shown on the accompanying plan. Connected with 
the main building on the north end and running 
at right angles towards the river, is the clay 
building, having a 30-ft. span, and constructed of 
steel covered with galvanized corrugated iron. The 
machinery for preparing the raw material is 
erected partly on the second floor and partly on 
the first floor of the end of the building, having an 
S4-ft. span. 

The- waste material is transported to the mill by 
the use of a traveling crane, which runs into the 
soda plant, secures a charge and then conveys it 
by way of the trestle, into the second story of the 
cement plant, entering at the north end. The clay 
is excavated close to the mill from the deposit oc- 
curring along the bank of the Detroit River, and is 
hauled in cars to the clay storage building. The 
clay excavated from the deposit contains a per- 
centage of uncombined silica in the shape of small 
pebbles. It undergoes, however, no washing, and 
is treated in the raw state, as there is a slight de- 
ticiency in the combined silica, and suitable means 
are taken to disintegrate these coarse particles in 
order to raise the percentage of silica. The clay 
is first handled in the storage building by a con- 
veyor and disintegrator combined, which after 
breaking up the lumps discharges it into an ele- 
vator, which in turn raises and spouts it into a 
rotary dryer. In this dryer the clay is subjected 
to the direct heat from the coal flame and after 


passing out, contains less than %% of moisture. 
The dryer discharges the clay directly into a Will- 
iams mill, where, after being pulverized, it is ele- 
vated to the second floor and discharged into 
steel storage bins ready to be weighed and pro- 
portioned. 

The residuum or waste material is excavated 
from the tanks in the caustic soda plant, and with- 
out further treatment is carried in the wet state 
directly to the mill by the traveling crane, which 
discharges it into a main receiving tank on the 
second floor, where it is weighed and the cor- 
rect portion of clay by weight also added, in order 
to form the raw mixture. This raw mixture then 
passes to a long pugmill located on the second 
floor, where the water is added and preliminary 
mixing takes place. From here it is discharged 
into a tank located directly under the floor and 
supported above the first floor by steel columns. 
This tank is provided with agitators, which thor- 
oughly mixes the two ingredients and keeps the 
slurry in a constant state of agitation before be- 
ing passed into and through the tube mills, where 
it is ground so that 95% will pass a 200-mesh 
sieve. 

The slurry is discharged from the tube mills 
into the large concrete tanks constructed below 
the floor line, and also containing agitators. These 
tanks are so arranged that material having a high 
percentage of lime can be ground and discharged 
into one of the three pits. Should the mixture 
contain a low percentage of lime, it is discharged 
into another pit. In the meantime the material 
is carefully analyzed and afterwards pumped into 
four large steel circular tanks, located in the sec- 
ond story. The pits are so connected by a piping 
system that the necessary amount can be pumped 
from any one pit up into the iron tanks, or the 
slurry can be pumped from two pits in order to 
form a correct mixture. In these steel circular 
tanks, the slurry is stored ready for burning in 
the rotary kilns. Each tank is provided inside 
with a frame agitator fitted with blades which re- 
volve on a ventral shaft. This prevents the clay 
from settling down in the bottom of the tanks 
before being used. The system of piping from the 
steel storage tanks in the second floor is so by- 
passed that the material is either pumped directly 
into the rotary kilns or pumped into the stand- 
pipe which is connected with the storage tanks, 
and by which a constant head is maintained in the 
flow of the material into the kilns. 

The wet material, after passing through the pip- 
ing, is discharged into the kilns through water- 
jacketed troughs, built into the kiln flues, and ex- 
tending down into the rear end of the kilns. ‘The 
kilns are the ordinary rotary kilns, 60 ft. long by 
6 ft. in diameter, and lined with a 6-in. ring of 
aluminous fire brick. As the material flows down 
through the kilns, the moisture is expelled and 
the slurry is burned to a clinker by the intense 
heat generated from the combustion of pulverized 
coal mixed with air. 

The clinker is discharged from the kilns and 
falls into a large hopper-shaped concrete pit, at 
the bottom of which an elevator is located; this 
raises the clinker and discharges it into a special- 
ly-designed cooling bin. This bin, constructed of 
steel, is 12 ft. in diameter, and has a height of 22 
ft. In the interior are constructed a succession of 
metal floors. Extending up the center of the bin 
is a shaft to which is attached scraper arms lo- 
cated on the level of each floor. These floors have 
one radial opening extending from the center to 
the circular shell of the cooler, and the material 
discharging on the topmost floor or staging is 
carried around by the scraper arms and passes 
through the radial opening to the next floor be- 
low. Here it is picked up in turn and carried 
around 350 degrees, and discharged in turn 
through the radial opening on this floor to the 
next floor below, and so on until the clinker passes 
to the bottom of the cooler. 

Air is brought in from the bottom and passes up 
through the cooler by circulating through each 
floor level. This cool clinker is drawn from the 
bottom of the cooler and elevated and discharged 
directly into steel bins located over the top of and 
feeding the battery of ball mills. After passing 
through the ball mills, the material is discharged 
into a conveyor located directly underneath, which 
carries it to an elevator, from where it is raised 


and discharged into the conveyor w)} 
bins located over the battery of tub. 
After final grinding in the tube 

ment is elevated and carried by an 
veyor across the mill room and thr 
wall which separates the stockhouse 
room, discharging directly into the 
overhead conveyors, which rest on tx: 
contained timber storage bins. These : 
veyors are so arranged that materia] 
ed into any bin in the stockhouse. Th 
ranged in two rows, having hoppered 
constructed with a 6-in. layer of conc; 
is laid 2-in. porous brick tile, topped 
A passageway runs along the entire | 
stockhouse separating the two rows 
which are located two lines of ser veyors 
These conveyors lie close to the front Sen 
row of bins. The material is dischar 
adjustable iron doors directly into th 
veyors, which carry it to the end o; 
house, where it is elevated and dischar. 
bins for supplying the packing machi 
in the packing-room. 

In the packing department, which ited 
the first floor under the end of the bui 
the 84-ft. span, sufficient space has bh: 
for storing empty bags, as well as cen 
ages ready for shipment. The loadin 
located alongside the stockhouse an 
room, is covered by a steel shed whi nds 
over the roof of the cars standing on sid 
Provision has also been made to load \ 
the platform, located at the extrem: f th 
building, and which is also one side of ¢}\ pack 
ing-room. This platform is also covered by 4 s\ 
shed to protect the cement while being jjadeq 

The track supplying the coal for both |! ’ 
kiln purposes is located on the east side of 
building. The coal for the kilns is discharged f; 
the cars, and by the aid of an elevator, raised an} 
passed into a rotary dryer, which remoy:s with: 
1% of the total moisture; it is then ground in 
tube mill and discharged into a large sti»! sto; 
bin having a capacity of three car loads. Frop 
this bin a conveyor carries it directly to the sma 
bins which feed the kilns. The coal is fi int 
the kilns by a large pressure blower, after having 
been pulverized so that at least 90% will pass a 
sieve having 10,000 meshes to the square inch. 

The boiler-room contains three 250-HP. Babcock 
& Wilcox water tube boilers,set one single and tw 
in battery. One 60-in. stack located between th 
setting serves the three boilers. The engine-roon 
contains one 600-HP. tandem compound 
densing engine, together with the heater, boiler 
feed pumps, hot well and jet condenser, all «f 
which are located along the wall between th 
boiler and engine-room. The water supply 


obtained from the Detroit River and as shown on 
the plan; the water from the jet condenser passes 
into a hot well; from there a portion of it is 
pumped through the heater, and thence into th 
boilers. An overflow pipe connects the hot wel 


with the 12-in. sewer, located under the floor of 
the boiler-room, which carries off the excess water 
The piping layout is by-passed, so that the engine 
if required, can be run non-condensing. The en- 
gine is belted directly to the main line shaft and 
as the engine-room extends slightly over into the 
mill room proper, this shaft, which is located 
along the party wall in the kiln and mil! rom 
4 ft. above the floor line, passes through the ent! 
width of the engine-room. This construct 


brings the drive from the engine to the sain ln 
shaft inside of the engine-room, thus yventns 
the mill dust from entering the engine-r Fron 


the main line shaft the power is tak ff a 
various places and transmitted by leather belts t 
the various machines throughout the pint, wit 
direct drives or by the aid of countershs =. +" 
only rope drive in the plant furnishes er fo! 
operating the packing machinery. This elisa 


short single strand one, running fron » main 
line shaft in the mill building proper t yunt 
overhead, thence through the wall into pa k 
ing-room. The shafting is so arranged | ighout 
the plant that the power can be cut out {.)m an) 
départment by the use of clutches. 

All shafting, as well as the bins, are © "porte! 
on either conerete piers or steel fram: k, and 


with the exception of the bins in the si house, 
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We desire to call attention to the illustrated de- 
scription of the Mt. Prospect Laboratory of the 
Brooklyn Water-Works, by Mr. Geo. C. Whipple, 
gxiven elsewhere in this issue. In design, equip- 
ment, variety of work called for and accomplished 
and importance of results obtained, this is one of 
the notable water-works laboratories of the world. 
The many sources of supply drawn upon. by 
Brooklyn, including surface water, shallow and 
deep wells, together with the rich and varied or 
ganic life in some of the reservoirs, and the nu- 
merous studies of materials used in the construc- 
tion and operation of water-works, all combine to 
make the work of this laboratory unique. There- 
fore we have with great pleasure availed our- 
selves of the opportunity to place before our read- 
ers Mr. Whipple’s paper, recently presented to the 
Engineers’ Club of Brooklyn. The original paper 
was accompanied by many lantern slides, but our 
illustrations are necessarily few. We trust many, 
or all the slides, or their originals, will be repro- 
duced in the proceedings of the club. 

The time is not far distant, we trust, when every 
water-works in the country will have at its com- 
mand a well-equipped laboratory for the chemical 
and biological examination of water, and for other 
pertinent investigations. The larger works will 
often find it most advantageous to have such lab- 
oratories entirely in their control, although under 
a properly organized system of municipal govern. 
ment equally good results might be obtained in a 
general municipal laboratory. For the smaller 
towns a general laboratory may be both necessary 
and advisable. Here water, milk and certain other 
foods may be examined, cultures made to aid in 
the diagnosis of diphtheria and tuberculosis, blood 
tested to determine whether or not patients have 
typhoid fever, and a variety of other work more 
or less closely connected with the health depart- 
ment may be carried on. The importance of such 
investigations is beginning to be appreciated, al- 


though comparatively few municipalities have yet 
made suitable provisions for conducting them. 
These lines are only a beginning, however, of the 
work awaiting the trained investigator. The time 
is comirg when every »rogressive and well-gov- 
erned city will have all its municipal supplies 
tested to determine whether they come up to the 
standard, besides requiring a vast amount of work 
to aid in fixing the various standards. Most city 
engineers are familiar with cement testing !abora- 
tories, but very few have a properly-equipped one 
at their command, while fewer still have proper 
appliances for testing any of the other materials 
entering into paving work. Outside of these lines 
it is a rare thing to hear of a city that has any 
sort of equipment for testing its various supplies. 
Mr. Whipple tells how coal is tested at the Mt. 
Prospect Laboratory, and in our issue of March 22, 
1900, we published a paper by Messrs. Whipple 
and D. D. Jackson (also read before the Brooklyn 
Engineers’ Club) describing some very interesting 
tests of “The Action of Water on Asphalts.” 


THE RAW MATERIALS FOR THE MANUFACTURE OF 
PORTLAND CEMENT. 


The use of lime waste from a caustic soda plant 
in the manufacture of Portland cement, as con- 
ducted by the Michigan Alkali Co., is described at 
considerable length elsewhere in this issue. As 
another successful attempt to adapt the waste 
materials of manufacture to useful purposes this 
plant is naturally of general interest to the indus- 
trial world. To cement manufacturers and users 
it is more particularly noteworthy, however, as a 
stride in advance in the adaptation of new varie- 
ties of raw materials to their purposes. So far as 
we know, the works described are the first in the 
United States to use the lime wastes from suda 
marufacture in making Portland cement, although 
this material has been employed abroad for that 
purpose in several instances. In the kind of raw 
materials used, therefore, the Portland cement 
vorks of the Michigan Alkali Co. stand distinctly 
alone among the cement works of this country. 

From certain points of view, perhaps, there is 
nothing noteworthy in the fact that the lime 
wastes from soda manufacture should be found 
available for making Portland cement. Theoreti 
cally, any material or combination of materials 
which contains the proper proportions of lime, 
alumina and silica free from deleterious sub- 
stances will make Portland cement, but commer- 
cially the range of possible raw materials for ce- 
ment manufacture is considerably more restricted. 
There is not so much danger of this fact being 
overlooked at the present time, when the technol- 
ogy of cement manufacture has become pretty well 
established in this country, as there was a few 
years ago when the industry was just beginning, 
but it may not be without value to those who have 
not had occasion to follow such matters closely to 
discuss briefly the qualities and conditions which 
make any raw materials commercially and prac- 
tically suitable for cement manufacture. 

Portland cement is a compound composed chief- 
ly of silicates and aluminates of lime, and neces- 
sarily the raw materials from which it is made 
must contain lime, alumina and silica. As they are 
employed in practice they actually do contain sev- 
eral other substances besides these, the principal 
ones being iron, magnesia, and suiphuric and car- 
bonie acid. Of these less important substances 
the iron, in the form of an oxide, probably has a 
cementitious value, and in some classes of cement 
the sulphuric acid also plays a role, although when 
it exists in a greater proportion than 2% it is con 
sidered objectionable, if not dangerous. It is 
generally considered, however, that the magnesia 
performs no useful function at all and may, when 
present beyond a certain very small percentage 
(5% is considered to be the allowable maximum) 
be dangerous. Mixed with these principal ingre- 
dients there are generally present also small per- 


centages of alkalies, organic matte: 
These are impurities. Most of these 
named reappear separately or combined 
ment, but not often in the exact pro) 
which they exist in the raw materials. 
partly to the combination of some ot 
cals contained in the fuel used in cal: 
in the lining of the kilns with those 
the raw materials. 

It is not often that nature furnishes 
which contains all of the substances na 
proper relative proportions to make 
raw material for manufacturing Port}s) 
The manufacturer then has to get th 
combination by mixing two or mor 
each of which furnishes a part of the rev 
stituents. Sometimes one of the mat 
ployed may contain nearly enough «| 
requisite substances and very little 
material will have to be added to jy 
proper admixture. In other cases on 
may furnish the lime only which is rm qu 
the others will be called upon to proy 
silica and alumina. Between these two 
there may obviously be many practical 
nations. 

The mixture of the two raw materials | 
a mechanical one, and it must also be ay 
and homogeneous one. If the latter w~ 
case the chemical combinations which ¢] 
cur during calcination, and which depend 
for their successful accomplishment upon 
physical juxtaposition of the different 
would fail to be carried out properly. For 
tration it will be readily seen that if a 
chalk and a lump of clay are calcined si 
the conditions are very unfavorable for t 
and alumina in the clay to combine with 
in the chalk. On the contrary, if we grind 
lumps together to a fine powder and then 
powder into a brick with water, the thre: 
are in the very best physical relation to «: 
to combine chemically when the brick is 

The mechanical mixture which has } 
scribed is the standard mixture from wh 
land cement is manufactured. Any two 
natural materials may, therefore, be used | 
ing the standard mixture providing they 
the requisite chemical constituents in th: 
proportions. Thus we find at one extr 
chalks and clays, and at the other extren 
limestones and shales successfully emp! 
making Portland cement. The range of «) 
raw materials is a wide one physically. Ch 
ly a considerable latitude is also allowed 
fact that the formula for the chemical com; 
of Portland cement varies as the manufa 


1 


this material is actually carried out. An a: 


of 45 French, English, German and Belzi 


ments given by Candlot in “Ciments et Chau. 


drauliques,” zives the limits of variation s! 
Table I., to which has been added a similar 
of analysis of eleven American Portland « 
This table shows that the standard mixtu 
vary in silica from 19.92 to 26.1%, in alumi: 
5.20 to 10.6%, in oxide of iron from 2.10 to 
in lime from 59.1 to 67.31%, in magnesia fr 
to 3.53%, and in sulphuric acid from 0.26 t 
and still be suitable for manufacturing I 
cement Taese figures, it must be underst 
the results obtained from the analysis of a 
number of cements, and do not by any mi 


tablish or show standard limits of variation 
serve, however, to illustrate the latitude pe: 
ble in the chemical composition of the st: 


mixture of raw material. 

While the range of raw materials from 
Portland cement can be manufactured is a 
what broad one, as shown above, it must 


assumed that all such materials are equall) 


able for this purpose. It is plain that th 
nearly pure the various materials are the 
suited they are for cement manufacture. 


clear also that deposits which run nearly u! 


TABLE 1.—Showing the Chemical Composition of Representative Foreign and American Portland Cements. 


Constituent. 


Silica, % ... ate eeae a 21.70 to 24.60 20.3 to 24.05 20.8 to 24.85 23.8 to 26.1 19.92 to 
Lime, %......- 59.1 ‘* 67.31 59.8“ 62.72 61.04 67.18 03 64.12 
Magnesium, % 0.58 2.20 0.338" 1.07 0.90 2.30 0.70 0.88 
Sulphuric acid, 026 223 145° 425 037% 0.74 1.54 


-—French—, -——German—, -—-Belgian.- Amer! 
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FIG. 2, PLAN AND SECTIONS OF MASONRY. 


DRY DOCK WITH PNEUMATIC CAISSON FOUNDATION AT TOULON, FRANCE. 


Mr. Herrent, Paris, France, Contractor. 
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ind limestone. The use of blast furnace slag for 
making slag cement has been practiced for a long 
time abroad, and also to a less extent in America, 
but this works is, so far as we know, the only one 


TABLE Il.—Showing the Chemical Composition of the 


The number of subchords = D°® (Sadler). 
F. M. Robinson, 
Division Engineer, N. W. & W. R. R. 
Bridgeport, Neb., April 28, 1900. 


Raw Materials Used in Manufacturing Representative For- 


eign and American Portland Cements. 


ENGINEERING NEWS. 377 
_ sition are preferable to ones which in which that material is used in making a true Notes and Queries, 
ibly in this respect from time to Portland cement. As :llustrating the wide adapta- The contractors for the locomotive-erecting shops of the 
her that materials which are easily _ bility of the rotary kiln t | classes of raw ma- Philadelphia & Reading R. R., described in Engineering 
iuced to form the standard mixture terials, it is interesting to noti that this device News of May 24, 1900, we t ectly given as tt 
those which require a greater ex- is used by both the Michigan Alkali Co., and the Phoenix Bridge Co., of Phoenixville, Pa. We are informed 
: that this company as simply the sub-contract for the 
bor and money. I}!linois Steel Co., for calcining their cement. _ npany ha ply th 1 act f h 
dais icce what steel work from the general contractors, Ryan & Kelley, 
ss followed in the manufacture, e 
of the raw materials, ase already LETTERS TO THE EDITOR. . ’ a 
: : 7 THE WORK OF THE UNITED STATES COAST AND 
juires that they shall be reduced to GEODETIC SURVEY 
ntimately mixed. In the wet pro- Laying Out Transition Curves. SURVEY. 
facture @ halk and a clay wane will Sir: In W. H. Sadler's letter on transition curves (Eng. A brief historical summary of the work accom 
ind quickly dissolve in the mixing News, April 12, 1900), he has given plished by the U. S. Coast and Geodetic Survey 
etter than ones which take a longer wanes ia Chords since its inception in 1807 is contained in the 67th 
J é tepor » Survey ict as ee 
work in rt of the Survey which has just been 
aa . imestone shales whic issued. his summary is a reprint fa report 
ss these limestones anc N I por 
isily ground to the proper degree ot Tt Licatt a made by Mr. E. D. Preston to the General Confer 
ice ) s formula (6) to hi i se j } i j 
better than those which are more in- Ww ‘ee od th ; aa rmula (6) to his example to set’ ence of the International reodetic Association 
Chis illustration and comparison may : held at Stuttgart in 1S9S. While largely historical 
9 x 6x (5.4)? 749.6 . 
arried to all the other operations ne- Def: in min. «—_—_ sists 4) Be 1,4 2.6 — 5.832 In ¢ hera ter this report contains a large number 
produce the mechanical mixture re- 300 200 of statistics which are usually widely seattered, 
it is plain from what has been said In canyon and very rugged work it is often impossible and we abstract the more interesting of these in 
; tory deposits of raw material for the to set the P I, and the whole curve with spirals can then the following paragraphs. 
; of Portland cement may be rather be run by the use of the following formulas, in which, The work of the Geodetic Survey was author 
sift ‘btain, when we consider the matter C = length of subchord of spiral in feet, and ized by Congress in 1807; but nothing was done 
jets ir ni enirs 
»roduction from a commercial point of , a: oo PS in feet. (Point of spiral.) worthy of the name of geodesy until 1832. In that 
szeaving tangen 
withstanding the apparent latitude in F . 4 a? year operations were begun with vigor, and the 
as vhich seems otherwise possible. The ob- Def. in mins. = ——— (Original.) whole Survey was reorganized in 1843 upon a per 
sought in selecting raw materials is not 10¢ manent basis. For G2 years the Survey has been 
opely to produce a standard mixture approxi- Leaving simple curve, toward tangent, under the Treasury Department, with the dire 
64s eertai emical compositon, but to do ; a? tion of the work in the hands of a civilian. 
ain ch Pp Def. in min. = D x d — ——~— (Original) 
t as »mically as possible. ine p to the present time the following work has 
Bea + what has been said in mind, attention in which D = rate of deflection of curve already run. been ac complisht d: 350,000 sq. miles of territory 
ni be turned to some of the raw materials Example.—Given P § of 5° curve for 20° 00° = 954590 Have been triangulated; embracing 15,000 station: 
chich are aetually employed in making well- (40-ft. subchords.) for horizontal measurements and determining 28, 
known brands of Portland cement. Table II., re- (10° 00’ — 5° curve.) 0) geographical positions. The topography work 
wrrang from tables given in Mineral In- + P. Ss. 00 done covers 38,500 square miles; including 11,600°+ 
istry, ISOS.” and elsewhere, shows the chemical 98 O61! miles of general coast line, 100,000 miles of shore 
mposition of a large variety of American, Eng- 4 + 4 16° lines of rivers, etc., and 51,000 miles for roadways 
sh, German and other raw materials. The analy- o7 idly 614’? The soundings made cover 164,000 square miles of 
ses giv ire in most cases those reported by thr 97 + 10 1° 04’ area, besides 93,000 square miles of deep-sea 
5 97 + 50 P.C 1° 407 record hese servers 4.000 
manufacturers, 99 +n Oy soundings. recor 1ese surveys original 
In conclusion it may be noted that the Michigat. A + 20 .: 00” —_ Ov = ne’ tcpographic and hydrographic sheets have been 
\lkali Co.’s work in making cement from its waste 100 + 230 made, from which 1,300,000 charts have been dis- 
nroduect is not the only instance in this country of 10 + 70 3° 00’ — i" 2" 26 tributed. 
29 arr 31 » 
the successful utilization of manufacturing wastes nr + 30 ra Ss ny > ri Under the head of base lines, the report says 
Portiand cement manufacture. At the works 101 + 50 PLT 5° 00? — 1° 40’ = 3° 20’ that 208 have been measured; and of these 19 ars 
the Illinois Steel Co., in South Chicago, Port- Leaving simple curve toward one of lesser radius classedas primary, with an average length of 9,892 
land cement is now being made in considerable a? meters. With the apparatus used for these base 
:mounts from an admixture of blast furnace slag Def. in min. = D x d + jo’ lines, the errors of measurement are classed as 


follows: With the different forms of metallic bars, 
an error of one-millionth of the length measured: 
with tape-line, an error of one in millions; 
and with a rod packed in melting 'ce the error can 
be readily reduced to one in five million. The new- 
est form of base apparatus is devised by Assistant 
Wm. Eimbeck. It consists of two bars, brass and 


two 


Water steel, 5 m. long, and so arranged that the measure 
cad MgO & or- an be made wi “ach c one se rately p 
$,02, AlsOs, FesO3, COs, COs, MgO, Insel... ganic. ye ma uch comp nent separately and 
Source: Material. %. %, %. %. %. %. simultaneously. The Salt Lake base measured 
American Maferials. with this apparatus gave results with a probable 
Cement rock....... = 5.32 1.12 69.26 3.67 1.68 error of less than one in five million. 
high Valley, 26 38 74.66 2.66 8! 
Valley, Pas 4 38 Exclusive of Alaska, the shore line of the United 
(Cement mixture... 13.97 5.07 1.88 74.10 2.04 1.82 States is 5,452 miles long: and this ts all covered 
: ° triangulation, except a few hundred miles on 
Glens Fi { Limestone........ 3,30 1.20 1.5 the northwest coast. An oblique are of 22° has 
W N.. 0.26 0.10 94.39 0.38 464 “trem northeast 
40.48 20.9% 95,80 0.99 boundary of Maine to the southwest limit of Ala- 
Bandusky, 92.70 0.538 1.28 1.18 bama; and an are of 49° has been measured on 
7 7 ¢ 
MIC. 11-90 the 39th parallel of latitude from the Atlantle to 
20.0 ..... 0.65 0.96 7.0 the Pacific. The greatest triangle used has sides 
Yank eee of 133, 167 and 190 miles long, and the highest sta- 
(Clay. 57.98 18.26 4.57 1.75 “1.82 12 HRs tion is 14,000 ft. above sea level. 
4.42 2.21 1.03 95.29 In astronomical work, a list of several thousand 
@.12 19.0 0.34 0.31 6.12 servation. In these the average probable error of 
English Materials. ” 5 oe a declination is given at rather less than 4°, ena- 
{ White chalk—From 0.66 eon 0.3% oun 0.21 ante bling an observer to determine his latitude, from 
Ler 0.98 20 pairs in one evening, with an uncertainty of only 
Eng : Geos 1.14 6-10 +10 ft. The Survey has also sent out 35 parties 
Cement-slurry.... for observation of solar eclipses and'transits of in- 
Medway clay...... 63.66 16.10 6.74 0.81 ws 1.73 oe 3.38 ferior planets. The variations of latitude have 
(Tyne clay......... 55.83 28.04 7.78 been determined at three stations, each occupied 
German Materials.® more than one year. 
Ger 14.00 In precise leveling, 5,000 miles have been exe- 
Stettin marl....... 19 2.66 1.324 73.92 0.97 cuted, including four independent determinations 
German ......5. of the height of St. Louis, Mo. Two sets have 
50.70: 19.15 S837 ..... 2.68 3.20 13.40 been run from the Atlantic, at Sandy Hook, to the , 
| 0.38 6:45 1.18 Gulf of Mexico, at Biloxi. One result of the latter 
BIA levels is that the surface of the Gulf of Mexico is 
1.28 40.98 CO, and 0.20 SOs; “contains 0.12 S0,; ‘contains 0.66 ‘contains 0.49 SO,; Seontains 


These German materials contain 0.20, 0.94, 0.32, 0.99, 0.13, 1.64 and 0.14 parts SOs, respectively. found to be somewhat higher than sea level at 
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New York. The spirit-levels are continuous from 
Sandy Hook to Denver. 

Permanent maynetic observations have been 
made for five consecutive years at Philadelphia, 
Key West, Los Angeles and San Antonio. The 
force of gravity has been investigated in the 
United States and in 28 foreign stations. 

The work in progress includes a resurvey of 
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where the object is seen through the opening D 
while the line on the mirror A bisects the reflec- 
tion of the sight C. 

For vertical angles the sight C (Fig. 5) is 
turned back in line with the face of the compass- 
box and with its end bent at right angles by the 
hinge E. The mirror A is set so as to make a 
15° angle with the face of the compass-box. The 


Bubble Tube for Leveling 
both in Horizontal and 
Vertical Position. 
Sight 
Hole 
Hinge “E » 
| | 
~~Vernier “G” 
| 
| 
| 
| 
| 
| 
Fia.2. 
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FIGS. 1 AND 2.—BRUNTON POCKET TRANSIT. 


Chesapeake Bay; measurement of an are on the 
{Sth meridian; and the development of Alaskan 
topography. It is proposed to extend the great 
ares into Mexico and the British possessions, and 
diplomatic work is now in progress looking to- 
wards concerted action. 

Geodetic surveys have also been carried on by 
the U. S. Corps of Engineers. This body com 
pleted the survey of the Great Lakes in 1882; it 
has charge of the Mexican boundary survey and 
the work done by the Missouri and Mississippi 
River commissions. The report on the Mexican 
boundary is already in type, but not ready for dis- 
tribution. The Missouri River Commission has 
triangulated from St. Louis to Three Forks, Mon- 
tana, a distance of 2,551 miles, and covering the 
valley from bluff to bluff. The Mississippi River 
Commission has now connected the Gulf of Mex- 
ico and St. Paul, Minn., a distance of 1,600 miles. 


A SURVEYING INSTRUMENT FOR MINING AND 
RECONNOISSANCE WORK. 


The accompanying illustrations show the gen- 
eral appearance and method of operation of a 
handy little ‘pocket transit" particularly adapted 
for rough surveys and mining work. Fig. 1 shows 
a view of the face and Fig. 2 a side elevation of 
the instrument, with lid and sight open. Figs. 3 
to 5, inclusive, explain clearly the manner of oper- 
ating the instrument in actual work. 

For taking ordinary horizontal courses or an- 
gles the instrument is held as indicated in Fig. 3, 
and, after leveling (the bubble tube B being 
turned at right angles to the line of right) 
it ig held in such a position that the etched line on 
the mirror A bisects the reflection of the sight C 
and the object sighted on. 

For horizontal curves or angles where the object 
sighted is 15° or more below the horizon the best 
position for the instrument is shown in Fig, 4, 


instrument is then held carefully in a vertical 
plane. The object is sighted through the hole F 
and the opening D, and while so sighted the bub- 
ble tube B is moved by an arm outside the bot- 
tom of the compass-box until the bubble centers 
in the tube; which is readily determined by view- 
ing the reflection of the bubble in the mirror A. 
The vertical angle is then read from the vernier G. 

All these operations may be performed with the 
instrument held in the hands, though greater ac- 
curacy would doubtless be gained by using a fixed 
support. Various other uses, particularly those of 
a clinometer and level, suggest themselves. The 
case is made of aluminum with outside dimensions 


Elevation Showing Position 
for Ordinary Horizontal Angles Angles or Courses Considerably 


or Courses. 


Elevation Showing Position for 
below the Horizontal. 


A PROPOSED METHOD POR THE PRESER: 
TIMBER.* 
By F. A. Kummer, Jun. Am. Soc 


The experiments herein described, and +} 
which the proposed process has been developed 
particularly with a view of improving what 
known as the creosoting process, it being | 
this process would command a much more ; 
if certain mechanical difficulties, now met wi: 
tion with its application to timber, and partic: 
road ties, could be removed. The improv: ‘ 
process was also attempted because of its 
merit when properly applied. As at prese: , 
possesses certain features which preclude its 
in the treatment of railroad ties. If, by a « 
or improvement of the process as now use 
tions hitherto raised to it may be overcome 
rificing any of the advantages which it poss: 
further, this can be accomplished at no grea: 
resulting process would commend itself to en: 
erally. 

The writer will first give the reasons for + 
timber, and state exactly what steps should 
prevent this decay. Having done this, he 
the dead oll of coal-tar process as at preser 
see whether these necessary steps are carried o 

There are two causes for the decay of timt 
the fermentation of its contained sap, such / 
being caused by the germs contained or deve! 
sap. (2) Through the introduction of germs of | 
without, through the action of air or water. 

To treat a tie satisfactorily, it must first | zed 
throughout; removing at the same time as n 
contained moisture as is possible without ir 
fiber of the wood. Fermentation cannot then 
from within. It must then be treated in suct 
that germs of decay cannot enter from without, 
do enter, that the conditions for their develo; 
highly unfavorable. It must further be provid 
antiseptic injected will not be dissipated throuch 
agency, and, if the timber is to be subjected to th 
ing effect of heavy railroad traffic, it must in s wa} 
provided that the timber so protected will be a! 
the weights which will pass over it, without 
crushing. 

If a tie be subjected throughout to a sterilizing tmper 
ature of 212° F., the agencies of fermentation lecay 
existing in the sap will be killed, and, if prevented fro: 
again entering the timber from without, decay t 
place. This leads to the first important conclusio: 
ly, that complete sterilization throughout is a ssity 
in the treatment of timber. Without such sterilization x 
form of treatment can be satisfactory unless the t 
be completely impregnated throughout its entire 


with an antiseptic material, which is rarely if ever a 
complished with large timber. Such sterilizato ans 
fully 212° F. at the heart of the stick. Wood is a poo: 
conductor of heat, and, to secure 212° F. or more at th: 
heart, two ways are open: (1) long exposure to a tem- 
perature of say 215 to 225° F., which is expensive becauss 


of the time consumed; (2) exposure to a temperature o! 
290 to 300° F., which, under ordinary conditions, wil! in 
jure the fiber of the wood. or at least induce extensive 
splitting or cracking. The necessity for sterilizing 

brought oui in the creosoting process, and it seems to be 
a point, the vital nature of which is not generally recog 
nized. Experiments made upon yellow pine ties, ins 
x 8 ins. x 8% ft., having self-registering thermometers im 
bedded at the heart by means of an auger hole, 24 ins 
deep, bored from the end, showed that with a temperature 
of 230° F. in the cylinder, and at the surface of the tie 
178° F. was secured at the center in two hours, while with 
290° F. at the outside, 249° F. was secured in two hours 


Plan Showing Position 
for Vertical Angles. 


In the Figures the Instrument ts Shown Close to the Eye. In Practice it will be held a Foot or more away. 
at the Convenience of the Observer. 


FIGS. 3 TO 5.—DIAGRAMS INDICATING THE 
EYE, THE COMPASS-BOX, AND OF THE 
OBSERVATIONS. 


of 3 ins. in diameter by 1 in. thick, and the whole 
weighs but 8 ounces. 

The “transit” is patented by D. W. Brunton and 
manufactured by Wm. Ainsworth, Denver, Colo., 
to whom we are indebted for the opportunity to 
make a practical examination and test of the in- 
strument. 


RELATIVE POSITIONS OF THE OBSE! VER'S 
MIRROR AND SIGHT, FOR THE MORE C: MON 


Starting with sterilization as an absolute nev 


evident that, if such a temperature as F. 
without injury to the timber, complete sterilizat acne 
effected, and in a reasonably short time. It w: be sit 


to state here that, with a few exceptions, the 


*Condensed from a paper read before the A: in 
ciety of Civil Engineers on June 6, 1900. 
#11 Broadway, Néw York, N. Y. 
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ng-leaf yellow pine of the best merchant- 
exceptions being several experiments upon 
r, which showed that it is not capable of 
ich a process, owing to its great tendency 
.ck under high temperatures. ’ 
lopted to render the use of such high tem- 
hie in the treatment of yellow pine is the 
nressure simultaneously with the applica- 
when the doors are closed the heat fs raised 
thout pressure, taking one hour to accom- 
: kept for one hour at 215° F. without pres- 
for the purpose of getting rid of the mofst- 
heat Is increased, pressure is applied, and 
1 gradually to avoid injury to the fiber, for 
+i] the heat has reached about 285° F. and 
shout 90 Ibs., and both are held there for one 
eat is then shut off, and the tanks are al- 
gradually for one hour. At the end of this 
+ is reduced to 250° F. and the pressure to 
The pressure is then blown off and the heat 
-educed. Wacuum ts then applied until about 
,ched, and while under vacuum the mixture 
he evlinder at a temperature of 175 to 200° F. 
. pressure applied reaching 200 Ibs. per sq. 
+ at this point until the desired amount of the 
sbsorbed. The lHquid is then run off, and the 
‘acea in another cylinder, and milk of lime at a 
. of about 150° F. fs run in, and hydraulic 
* about 200 Ibs. fs applied for from one-half to 
The following is a condensed table of the treat- 
+ hour to reach 215° F.; 1 hour under 215° F.; 2 
.t and pressure applied gradually) to reach 
eH + hour (90 Ibs. pressure) at 285° F.; 1 hour cool- 
hour vacuum (26 ins.); % hour filling cylinders 
" + ‘ure: 2 hours pressure (average 8 to 10 Ibs. ab- 
1, hour emptying tanks; and 1 hour under Iime 
1 sure treatment. 
T will be Increased or decreased, in keeping with 
t of absorption required. 
‘ment of ‘green’? lumber herein mentioned con- 
mply putting the lumber in the cylinders and 
‘he heat to about the temperature of the liquid— 
F.—and then running the liquid fn and keeping 
‘here from three to four hours. Of course, this does 
terilize it or give as good absorption. 
After the prelimnary treatment, the temperature of the 
f the cylinder is raised to 285 or 290° F. If this 
I ture were maintained at atmospheric pressure, not 
- would the sudden and rapid evaporation of the re- 
ng moisture in the stick induce splitting and crack- 
but the volatile ofls in the wood would be driven off, 
nd this is not desirable, inasmuch as they play a not un- 
| nt part in the preservation of the timber. Air 
ssure fs therefore maintained in the closed cylinder at 
bout © to 90 Ibs. per sq. in., so that while the tie is 
zed by heat, the natural oils are not driven off, and 
ting and cracking does not result, while the heat ts at 


the maximum. 


One of the benefits of the vacuum is to exhaust the air 

which hes been forced in while the wood was under pres- 

ind which, if not removed, would have to find its 

way out subsequently elther through the mixture or by 
ing cracks. 

Mr. J. W. Putnam, in a letter to Octave Chanute, M. 
\m. So® C. E., Chairman of the Committee on the Pre- 
rvation of Timber, in 1885, wrote as follows:* 

The most carefully conducted experiments indicate 

t there is no decay without fermentation, and no fer- 
ventation without germs. If a piece of timber be cut 
green and thoroughly coated with paint, it will soon be 
yed by what is called drv rot. If a similar plece be 
{ through to 225° F., and a sufficient amount of ofl 
ed in to form an impervious coating, no decay will 
take place until that coating is broken. 
is not only evidences the necessity of complete and 
ugh sterilization, but brings us to the next step in 
process, the impregnation of the timber with the an- 
material. Having thoroughly sterilized the tie, the 

ontinuance of the process is, of course, the appli- 
of the vacuum, to remove from the pores of the 
er the alr or vapor which they contain and admit the 
reservative fluid under this vacuum. 

The preservative fluid used is not creosote, or dead oil 
tar alone, but consists of dead of] of coal-tar, 38%; for- 
naldehyde, 2%; and melted resin, 60%, by weight. The 
ravity of the resulting mixture at 300° F. is 
he resin is used to render the mixture absolutely 
waterproof. the formaldehyde to strengthen the antiseptic 

of the compound, necessarily somewhat reduced by 
tion in percentage of the dead oil itself. 

‘ure is perfectly fluid at 300° F., and, by some 

ion not readily explainable, seems to be more 
‘oreed Into the wood than the creosote oi] alone. 
“ number of very important advantages gained 
of the resin in connection with the dead oil. 
‘ted by the ordinary creosoting process {s more 
ney and soft, and while the dead ofl is not gen- 
rded as soluble, it is still subject to dissipation 

n of water, as is well known in the case of 
subject to the washing action of sailt water. 
made by immersing in water timber un- 


‘treated by the process just described, showed 
‘ollows: 


tural 


ons,’ Am, Soc. C. E., Vol. xiv, 1885, p, 337. 


One piece creo-resin timber, 6 ins. x 8 Ins. x 8 ft., im- 
mersed in water 27 days, absorption 1\% Ibs. One plece, 
Same stick as above, untreated, absorption 11% Ibs. The 
increase In weight of the first stick was largely due to 
water clinging to the surface 

Timber treated with dead oi] in conjunction with resin 
{s practically absolutely waterproof and very much harder 
than the untreated timber, instead of being softer and 
more spongy, as is the case with creosoting proper. The 
introduction of bacteria from without should be prevented 
by a process as highly waterproof as it ts possible to make 
it, and this process should use a material which will not 
only have these waterproof qualities, but will be so anti- 
septic In nature that the possibility of the existence or de 
velopment of decay germs, if such germs by any means 
gain an entrance into the timber, should be reduced to a 
minimum. In fact, the conditions should be such as to ab- 
solutely preclude any possibility of their life or develop- 
ment. To secure these results, the combination of resin, 
creosote oil and formaldehyde is especially well adapted 
The material weighs about 8.9 Ibs. per gallon. 

Experiments were made upon pine ties cut In two, one 
half vulcanized, the other half not vulcanized. The re- 
sults are given in Table I., and show the difference tn ab 
sorption. 

TABLE I:—Showing Comparative Absorption of Green and 
Vulcanized Pine Railway Ties 


Maximum Pressure Lbs. ner 


Teat. in Ibs. cu. ft 

6.5 

277° Ro 10.66 
2R5° 2.43 


These specimens were treated with various degrees of 
heat and pressure, with and without vacuum, and in all 
cases they showed an increased absorption in the vulcan- 
ized over ths unvulcanized timber. 

As regards the spongy condition of the wood, after 
treatment by the creosoting process, an inspection of tim- 
ber treated by the proposed process readily demonstrates 
that timber is not in any way softened. The surface is 
subjected to treatment by the application of milk of lime 
after the creosote-resin has been Injected. This tends to 
solidify the mixture of resin and creosote oll. Solidification 
to a point of brittleness is not effected, but solidification 
is effected to such a degree that the resulting surface of 
the wood is materially harder than that of untreated tim- 
ber, instead of being softer, as is the case with creosoted 
timber. The writer has made tentative experiments to 
prove this hardening effect by striking treated and un- 
treated sections of the same tie with a hammer. The 
greater density and hardness of the surface of the creo- 
sote-resin tle (about 50% increase in density near the sur- 
face) being readily apparent from the way in which it re- 
sists crushing under the hammer, the force of the blow 
causing the hammer to rebound from its surface instead of 
sinking in and crushing the fiber, as was the case with 
the urtreated portion of the same tie. 

Obviously, if it were commercially practicable to im- 
pregnate a railway tie, of, say, long-leaf yellow pine, 
throughout its mass with creosote oil, no decay would 
take place In the timber so long as the oil remained in it 
But such a treatme it is impracticable, both because of its 
cost, and of th> mechanical difficulties attending it. We, 
therefore, are obliged to fall back upon the plan, to se- 
cure comptete *terilization, and then to inject sufficient 
of the preservative effectually to protect the remainder of 
the stick. This may be done by the injection of 8 to 10 
Ibs. per cu, ft. in a standard-sized tie, 8 lbs., giving a 
penetration averaging at the center of the tie about % to 
%-in., and 10 Ibs.. %-in. to 1% Ins. at the center, with 
from 6 to & Ins. inwar’ from the ends of the stick in each 
case. 


A tie treated by the above process, with, say, 10 Ibs. of 
preservative per cu. it., possesses these advantages: It is 
thoroughly ste: ilized -a result not generally secured by 
the creosoti 7s, process: the outer fibers of the wood are 
filled with a material m re highly antiseptic than dead oil 
of coal-tar, practically waterproof, and, when hard, con- 
siderably better alble to resist crushing or cutting than Is 
either the untreated or the creosoted timber. In fact, the 
spongy nature of creosoted timber, especially as the tim- 
ber usually chosen for creosoting is naturally soft, has 
been one reason why creosoted timber has not been more 
extensively used under heavy traffic. The experience of 
the Lehigh Valley R. R. was alove this line. A tie 
treated by the process in question also possesses much 
higher spike-holding qualities—consilerably higher than 
the uutreated stick. 

The writer has confined these remarks particularly to 
the subject of railway ties; but it should not be over- 
looked that a large part of the business done by the cre- 
osoung works at present is upon piles and dor'« timbers; 
ané the failure of such timbers when attacked by the 
teredo is invariably due to the washing out of the creosote 
oil by the action of the salt water. It would, therefore, 
be readily practicable to creosote piles, giving them either 
at the same time, or subsequently, a resin treatment to ab- 
solutely retain the creosote in the wood, and therefore the 


chief objection to creosoted piling would be at once re 
moved 

The question of wooden paving blocks is also one having 
in the writer's opinion, great possibilities. Wooden paving 
blocks, creosoted, are in extensive use in London and con 
tinental cities, and have given very favorable results In 
this country wherever properly used If we add to the 
preservative effect obtained by the creosote oll the addi 
tional and most important benefit of so hardening the 
fibers of the wood that its resistance to wear is materially 
increased,-we have realized a most material gain in the 
treatment of such blocks. In fact, if a treated pine pav 
ing block, protected against decay by dead oil of coal-tar, 


impervious to moisture and having considerably greater 
density and resistance to abrasion than either the cre 
osoted or untreated timber, can be laid at a cost not 


greater than that at present charged for asphalt, it Is the 
writer's opinion that such a pavement will possess all the 
advantages which asphalt possesses, and will be at the 
same time both noiseless and not slippery; thus removing 
two of the gravest objections to asphalt pavement. The 
writer thinks that such a pavement would have a longer 
serviceable life than asphalt—at least such as is generally 
laid—and on streets of a certain class be exceedingly de 
sirable. 

To revert once more to the question of tie preservation 
With creosoting, as well as with the proposed {mproved 
process, the amount of impregnation per cubic foot is reg 
ulated by the specifications under which the work is dons 
For railroad ties the general practice is about 10° Ibs. 
Whether pure creosote or creosote and resin are used, this 
specification gives a depth of penetration at the center of 
the tie averaging nearly 1 in., and at the ends of the tle 
a complete penetration from the end of the tie of from 8 to 
10 ins. Both with creosoting and with this process, the 
depth of penetration depends not only upon the amount 
of material injected per cubic foot, but also upon the na 
ture of the timber and upon the individual qualities of 
different sticks of the same kind of timber. The writer 
has suggested as a possible disadvantage to such pro 
cesses—whether creosoting or improved creosoting—the 
likelihood of the splitting of the tle taking place after 
treatment, thus allowing the Introduction of germs into 
the heart of the stick. A careful examination and sawing 
of some 15 to 2) ties, treated for periods extending up to 
six months, has shown no instance in which new cracks 
had opened in the timber and extended beyond the treated 
portion of the tie. Should this be the case after 


several 
years’ service, the writer believes it 


to be true that the 
vulcanized heart of the tle treated by the !mproved pro 
cess would better resist the action of decay than the un 
treated and unsterilized heart of the creosoted timber 

Further, it seems probable that water containing gérms 
would to some extent get rid of such germs in passing 
through that portion of the timber which is antiseptic in 
its action. The results obtained with creosoted timber up 
to the present time do not indicate that such cracking or 
splitting and consequent decay, are among the serious 
defects of the creosoting process. It seems reasonable to 
conclude that a tie which has been subjected to the con- 
tinued high sterilizing temperature has developed splits 
in those weak portions where splits would otherwise have 
taken place under natural conditions, and these splits or 
cracks, developed in the earlier steps of the process, are 
filled with the antiseptic and waterproof material during 
the later stages, thereby excluding permanently both air 
and water. 


DRY DOCK WITH STEEL CAISSON FOUNDATIONS AT 
THE PORT OF TOULON, FRANCE. 


(With two-page plate.) 

A novel application of pneumatic steel caisson 
foundations has been recorded in the construction 
of the new dry dock of Misseissy, at the French 
naval port of Toulon. In 1893 it was decided by 
the French authorities to add a third and large: 
dry dock to the two which had been completed in 
1881 at this port. The original project was to 
build a dock 180 m. (590.4 ft.) long and 35.44 m 
(116.24 ft.) wide at the top, but for reasons of 
economy the length was reduced to 150 m. (492 ft.) 
before the work was ultimately begun. As the re- 
sult of a general competition, a plan was adopted 
which provided for the founding of the dock on a 
single steel pneumatic caisson, and work was be- 
gun on this plan. After construction had pro- 
gressed for some time, the authorities decided that 
a larger dock than had been planned was desira- 
ble, and they, therefore, concluded to lengthen 
the structure under way about 25 m. (S82 ft.), and 
to found the addition on a caisson similar to the 
one adopted for the original dock. As the design 
was fully worked out, therefore, it provided for a 
dry dock 185.8 m. (09.42 ft.) long, out to out, 
founded on two steel caissons having the same 
width, but one being considerably longer than the 
other. 

At the site selected for the new dry dock the 
underlying earth consisted of two dissimilar strata 
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of the same material, which was a pudding stone 
composed of pebbles of varying sizes bound to- 
gether by a cementing material, which was some- 
times of a sandy nature and sometimes argilla- 
ceous in character. Practically the only difference 
between the top and bottom layers of this material 
was that the cementing material became harder 
in the latter. The harder stratum was for the most 
part at a depth below the foundation bed of the 
caisson. Tae softer material through which the 
excavation had to be made was rather intractable, 
but quite permeable by water. It was, moreover, 
water-laden from the drainage from the inland 
hills just back of the port and from the harbor 
waters into which it extended. The problem of 
successfully sinking the foundations of the new 
dock through this material was the one which 
most concerned the several competitors for the 
work as well as the engineers. 

As already stated, the type of foundation finally 
adopted was steel caissons sunk by compressed 
air. As the dock was originally planned only one 
caisson was to be employed, although a second 
was added to the first after the change in the orig- 
inal plans was made, as is noted above. This 
single caisson design was submitted by Mr. Her- 
sent, Contractor, of Paris. Another design em- 
ploying pneumatic caisssous was submitted by La 
Societe d’Entreprises generales de Travaux Pub- 
lics, which proposed to use ten different foundation 
caissons, one for the entrance, eight for the walls, 
and one for the bottom. A third plan, which con- 
sisted simply in enclosing the foundations by a 
cofferdam and laying the masonry dry in the usual 
manner, was submitted by M. Moreau, a con- 
tractor of Marseilles. The danger of not being able 
to handle the seepage led the authorities to throw 
out the scheme for open pit construction at once. 
The second plan to use ten separate caissons was 
regarded more favorably, but it was finally laid 
aside as inferior to the single caisson plan princi- 
pally because of the fear that the numerous lines 
of junction in the masonry would weaken it. 

The single caisson plan finally adopted consisted 
first in dredging a foundation pit for the dock. 
While this dredging was in progress it was pro- 
posed to construct the caisson on ways or in some 
other position from which it could be floated to its 
location and sunk in the ordinary manner of cais- 
son work. [t was considered that the only doubt- 
ful feature involved in this plan arose in connec- 
tion with the ballasting of the caisson so as not to 
endanger the structure by uneven loading. To 
provide against this danger very careful calcula- 
tions were carried out before and during the con- 
struction, and the work was carefully conducted 
to conform to these calculations. Its various por- 
tions were carried out in the following order: (1) 
Excavation and the erection of the caisson; (2) 
loading and sinking the caisson; (3) execution of 
the foundations by compressed air; (4) lengthen- 
ing the dock. 

Excavations and Caisson’ Erection.—It vas 
planned to erect the steel caisson in a dry pit 
which could afterwards be connected with the sea 
in such a manner that the caisson could be floated 
into position. The excavation work, therefore, 
consisted first in dredging the foundation site of 
the new dock to a depth of 15.9 m. (52.15 ft.) be- 
low low water, and second in excavating the erec- 
tion pit for the caisson to a depth of 2.2 m. (7.216 
ft.) below low water and connecting it with the 
sea to float the caisson. Chronologically the dig- 
ging of the erection pit was the first work done. 
Work was begun Sept. 4, 1804, and completed 
June 21, 1895, during which time about $3,157 cu. 
m. (43,369 cu. yds.) were excavated. The exca- 
vation was done by means of carts, and the chief 
difficulty experienced was from seepage. This 
amounted to about 500 liters (130 gallons) per sec- 
ond, and came principally from one of the holes 
sunk into the pudding stone in making the test 
borings. This incident is chiefly interesting as 
showing that the engineers’ objections to an open 
pit foundation such as was proposed by one of the 
competitive plans, were well founded. 

The erection of the caisson in the pit was begun 
May 31, 1895. Timbers were first laid on the bot- 
tom of the pit, and iron plates placed on them to 
give a bearing to the steelwork of the caisson. 
This latter is quite clearly shown by plan and sec- 


tions in Fig. 1. The drawing shows both the orig- 
inal caisson and the extension afterwards con- 
structed. As will be seen, the construction was 
exactly similar in the original caisson and in the 
extension caisson, and consisted of a series of 
transverse and longitudinal girders carrying a 
steel plate floor and bracing together circumferen- 
tial walls with cutting edges. For a distance of 
13.67 m. (44.84 ft.) at the middle the transverse 
beams are 4.43 m. (14.53 ft.) deep, and this depth 
gradually increases from the middle section to 
depths of 6.7 m. (21.97 ft.) at the ends. Above the 
floor line the webs of these girders are latticed, but 
below the floor line they are solid and divide the 
working chamber into transverse apartments. The 
transverse beams connect at their ends with the 
outer walls of the caisson, and are braced together 
at four intermediate points by longitudinal gir- 
ders 2.56 m. (8.39 ft.) deep at the middle and 4.9 
m. (16.07 ft.) deep at the ends. Two of these gir- 
ders are located 1.5 m. (4.92 ft.) from the longi- 
tudinal walls of the caisson, and the other two 
are located 12.62 m. (4L39 ft.) from the same 
points. Between the main longitudinal girders 
longitudinal roof beams 0.95 m. (3.12 ft.) deep are 
placed 1.5 m. (9.92 ft.) apart, c. to ec. The hori- 
zontal steel plating carried by the framework just 
described, formed, as has probably already been 
surmised, the roof of the working chamber. On 
the same framework was supported the outside 
housing or cofferdam of steel plating carried by 
brackets and posts, as shown by the drawings. 
The plating of the working chamber roof was 0.5 
mm, (0.2-in.) thick, that forming the webbed lower 
portion of the transverse girders was 0.7 mm. 
(0.28-in.) thick, and that forming the skin of the 
caisson varied from 0.6 mm. to 0.7 mm. (0.2 te 
0.28-in.) in thickness, 

The portion of the caisson erected in the pit be- 
fore admitting the water was that comprised be- 
low a plane of 7 ft. above the cutting edge. This 
work necessitated the erection of 165,000 kg. 
(3,630,000 Ibs.) of steel, and the driving of 417,000 
rivets from 12 to 18 mm. (0.46 to 0.72-in.) in diam- 
eter. The cost of erection was 0.083 fr. per kilo- 
grain of metal. 

The erection of the caisson was completed on 
Dec. 10, 1895, but the tests made to determine the 
tightness of the working chamber required some 
days longer, so that the caisson was not finally 
ready to float until Dec. 31, just seven months 
from the day that the work of erection was begun 
The tests referred to consisted in clearing the pit 
from all debris and tools, mooring the caisson 
firmly, and then letting water into the pit to a 
depth of within a few inches of the line of flota- 
tion, which was 25 mm. (1 in.) below the roof 
plating. ‘This forced the air in the working cham- 
ber to escape through the defective joints and 
thus reveal their location, so that the necessary 
ealking and tightening could be accomplished 
after the water had been pumped out. The tight- 
ening was completed and water finally let into the 
pit on Dec. 21. 

Meanwhile the foundation pit proper for the 
dock had been begun on June 21, 1895. Altogether 
about 196,503 cu. m. (257,025 cu. yds.) of material 
were dredged from the pit, the work being com- 
pleted on Dec. 14, 1896. About 40,000 cu. m. (52,- 
320 cu. yds.) of the excavated material were pre- 
served for grading around the completed work, and 
the remainder was hauled to sea and dumped. 
Much of the dredging was very difficult; the pud- 
ding stone, especially near the bottom of the pit, 
being intractable. 

Loading and Sinking the Caisson.—The work of 
loading the caisson began on Feb. 15, 1856, some 
months before the foundation pit was ready. The 
caisson was first towed from the erecting pit and 
then moored alongside one of the neighboring 
quays. The work consisted first in erecting the 
cofferdam, and second in placing the masonry. 
From Feb. 27 to Dec. 18, 1896, this work was car- 
ried on with the caisson moored at the quay, and 
the sinking was continuous except for a period in 
July when the cofferdam was being built, and an- 
other period in November and December when a 
delay was necessary to allow the dredges to finish 
the foundation pit, since the water near the quay 
was not deep enough for further sinking. The 


caisson was towed into position over t} 
tion pit and sinking resumed on Dec. 16 
When the caisson was floated it h. 
board of about 5 m. (16.4 ft.), and as th; 
done in calm water it was not necessa 
to erect the cofferdam until this fre 
decreased to about 1 m. (3.28 ft.). 1) 
of the cofferdam was a task of very ori) 
acter, and calls for no special mention. 
that portion where the entrance of the 
be located. As will readily be und: 
portion of the cofferdam had to be of sy 
acter that it could be removed when th 
was completed. For this reason it wa 
the form of a floating gate or caisson \ 
be bolted to the adjacent parts of the fix 
dam. As wili be seen from Fig. 1, th 
gate was made roughly to conform tv 
of a boat. It was built on land and law 
after being towed into position, was 
brackets fastened to the outside of 1} 
walls about 6 m. (19.68 ft.) above the cur: 
The connections were made with bolts. 
being covered with a mastic to preven: 
In placing the masonry the first thine 
to cover the entire floor plating with a 
cement mortar 2 em. (0.8-in.) thick. Thi- 
served the double purpose of making th: 
air-tight and of furnishing a binder for 
crete bottom masonry. This concrete bo 
0.93 m. (3.05 ft.) thick, laid in three lay 
0.31 m. (1.0168 ft.) thick. The two botto 
were entirely of cement concrete, but 0! 
layer only that portion lying 1 m. (3.28 ft.) 
side of the main transverse and longitu: 
ders was cement concrete, the interior 
being lime concrete. These three layers 
crete brought the level of the top of the 
0.95 m. (3.116 ft.) above the top of the | 
ing, or to the tops of the small roof bean 


of the principal objects of this concrete be! 


was to give stiffness to the caisson, w! 
very little rigidity by itself. 


The regular floor and wall masonry |e: 


mediately on top of the bed course just ( 


First the position of each main girder ex: 


above the bed course was embedded in a : 


masonry 1.5 m. (4.92 ft.) thick and 2 m. (i)? 


wide, laid in cement mortar, and a mass 
same dimensions was bedded against ea 
wall. The compartments between these 


mortar walls were filled level with masonry 
in hydraulic lime mortar. In laying this n 


and the masonry that followed great caut 


to be employed in distributing the load to 


equal settlement and to prevent distortior 
caisson. The plan and sections in Fig. 2 s! 
completed masonry in all of its importan! 

As previously stated, the depth to wh 


foundation pit was dredged was the de) 


which the cutting edges of the caisson we: 
main permanently. During and after th 


ing, however, a sediment of fluid clay sect: 


the bottom of the pit about 1 m. (3.28 f: 
through which the caisson had to be sunk 
trouble was had in doing this work, since | 


deposit ocmpacted itself under the cutting 
so tight that the water in the working «! 


could not escape, and, therefore, the sett! 


the caisson ceased at a height of 0.12 m. (1)! 


above the required depth. This difficulty \ 
come by having a diver bore holes in the si 
of the working chamber to permit the 
escape. After these holes were bored | 
progressed smoothly. 

Compressed Air Work.—After the cais 
reached its final depth the working chan 
emptied of water by forcing in air. The fi 
was to get rid of the layer of soft clay p 
mentioned, and this was done by diluting 
and siphoning it off by means of the air | 
This work required about seven or eight 
each compartment of the working cham)! 
a working force of from eight to ten m: 
cost for compressed air for each compartn 
about 500 frances ($100). It was found 
dredges had left the foundation bed quit: 
and even. 

The placing of the concrete, which was ! 
soon as the chambers had been made dry, 
about 3,500 workirg hours for each com; 


4 


yoo. 


ENGINEERING NEWS. 


381 


iS to 1.95 m. in dimensions. The cost 
| air for each compartment was 750 
conerete was introduced into each 
by means of two shafts located 9.98 
fr ym the exterior walls of the cais 
eir outlets were obstructed by the 
» proceeded from the edges toward the 
the central shaft for the workmen 
4 for material also. In laying the 
first work was to place a layer 20 cm. 
k over the entire bottom. <A banking 
was then placed around the interior 
of the caisson, after which the filling 
-ontinuously from the outer edges to- 
enter. 
ing the Dock.—The decision to lengthen 
1s made in March, 1896, and work com- 
August, 1896. It consisted in sinking 
aisson close to the inshore end of the 
sson, as shown by Fig. 1. The joint 
he two caissons was closed by means of 
nstruected as shown by Fig.3. The method 
in sinking the small caisson was in all 
similar to that employed in sinking the 
». and, therefore, calls for no special de- 
The joint between the two caisson 
ns was made with concrete, after which 
ent walls were removed and the chamber 
is -~ was built. The work of making the joint 
the two caissons was carried out success- 
i it it was quite troublesome. 
A ling to an article by Mr. Guiffart in ‘An- 
os Ponts et Chaussees,” for the third quar- 
ter ING, the new dock has proved to be a very 
ns ful structure in all particulars. We have 
ied the preceding description of the work 
from this article. The total cost of the dock was 
583 franes, or about $1,064,532. 
THE STEAMSHIP “SIERRA,” the first of three of like 
lime s being built for the Oceanic Steamship Co., 
was Jaunched on May 29 from the Cramps shipyard in 
Philadelphia. The ‘Sierra’? is 400 ft. long, 50 ft. beam, 
3.6 ft. deep; displacement, 7,000 tons; speed, 17 knots 
rhese steamers are to ply between San Francisco, Hawaii 
nd Australia, 
THE RUSSIAN CRUISER “‘‘VARIAG,”’ built by the 
r of Philadelphia, has had her builders’ trial trip, 
i the test has been pronounced satisfactory. The trial 
vos made about 20 miles off the Delaware Capes, and the 
ru s said to have developed 22 knots under natural 
lraft with one boiler out of use. The contract calls for 
“) knots, but the builders say she can make 24 under 
d draft. The ‘‘Variag’’ has the largest installation 
{ Niclausse water-tube boilers in the world; as there are 
w of them with 9,240 tubes, giving a heating surface 
“i sq. ft. She has twelve 6-in. guns and four 
caliber; all of these were satisfactorily tested. 
The official trial will take place in July, 


4 


\ FIRE TEST OF A FLOOR, composed of wooden 
filled between with concrete, is reported by the 
Iiritish Fire Prevention Committee. The floor joists were 
f fir, 2«7 ins., spaced 12% ins. apart, and the concrete 
x between them was 5 ins. thick. This concrete was 
uposed of five parts gas coke breeze and one part 
P nd cement. The ceiling attached to the bottoms 
ft sists was %-in, tongued and grooved boards. On 
» there Was a %-in. yellow pine flooring loaded to 100 
bs. per sq. ft. The test consisted of a fire below the 
ig from 500° F, to 2,300° F, in 1% hours and 
qucnched by a stream of water. Under this test the 
& was consumed in 15 mins.; in 60 mins. the floor 
! sagged, cracking the concrete transversely to the 
74 mins. the concrete between two of the joists 
‘2 mins. the whole floor collapsed. The joists 
‘ ‘ound broken in the center, with their bottoms 
1 to a depth of from 2 to 2% ins. The floor boards 

slightly burned, 


N/ER 24-IN. GAS MAIN is being laid under the 
r by the Consolidated Gas Co. It is intended 
| additional supply of gas to the Borough of 
The pipe will be laid about 50 ft. north of 
\ve. bridge, in a trench dredged for it. A 
will be used in the 75 lengths of 12 ft. each 
required, 


GAS-ENGINES are described in ‘Stahl 
March 15, 1900. Mr, Muenzel gives a com- 
‘| account of the development of this type of 
‘mong other plants in use he describes the 

of Horde. There are here two groups of 
' 600 HP. each; each group includes two gas- 
ed directly to an alternator. In the central 

‘rledenhutte, at Morgenroth, furnace gas is 


utilized to produce power and ¢! 


lectric light; and there are 
six motors of 300 HP. coupled directly to alternators, and 
two motors of 200 HIP. coupled directly to a dynamo. A 
&as generator, sufficiently large to produce a force of 
2,000 HP., has been inst 1 nearby in case the suppl 
from the furnaces shou it sufficient The ntral sta 
tion at Bale, Switzerland, has three motors, of 300 HP. 
each, fed by gas f m a coke-furnace; the output of power 
is said to be equal to 0.93 kilowatt for one kilogram of 
coke, 


THE MT. PROSPECT LABORATORY OF THE BROOKLYN 
WATER-WORKS, GREATER NEW YORK * 
By George C. Whipple, Assoc. M. Am. Soc. C. E.. 
Biologist and Director. 


The practical value of the sciences in our modern civili- 
zation is strikingly attested by the increase in the num 
ber of laboratories connectod with various departments 
of nation, state and mun ipality. This 
true in the domain of sanitary sc‘en e, where the advances 
in chemistry, microscopy and bact 
revolutionary changes. With t} 


ie Knowledge that many 
diseases are caused by living org inisms, and that some of 


them are transmitted by water, came the need of more 
careful supervision of public water supplies, which re- 
sulted in the establishment of laboratories devoted to 
water analysis. The pioneer work of the Massachusetts 
State Board of Health has bi 
tion of laboratories in most 
In many instances these are operated in connection with 
the departments of health, but in Boston, 


is emphatically 


eriology have wrought 


n followed by the installa- 
of our large American cities 


Lynn, Louis- 
Ville, Cincinnati, Pittsburg, Albany, Washingt 


ngton and else- 
where laboratories have been organized in connection with 


and elevation make it comparatively free from nolse and 
dust, while the building is well lighted by large windows, 
heated by hot water, provided with gas, electricity and 
telephone. The upper portion of the building contains 


three rooms, besides the keeper's office, and a corridor 
from which visitors may ascend to an observatory on the 
roof. The three rooms are known as the general labora- 
tory, or preparation room, the biological laboratory, and 
the chemical laboratory. In the basement are the physical 
laboratory, the general store room and the furnace room. 
There is also a sub-basement, suitable for bacteriological 
work during hot weather. 

The general laboratory !s devoted to the shipment of 
bottles and reception of samples, the washing of glass 
ware, the sterilization of apparatus, the preparation of 
culture media and to such chemical operations as might 
charge the air wit) ammonia and the fumes of strong 
acids. The room contains a well-ventilated hood; a work 
table, under which are closets and drawers; a shipping 
desk; a large sink, with draining boards on the sides; a 
drying oven; a hot-air sterilizer; a steam sterilizer; an 
autoclav; an automatic still, and a distilled water tank, 
lined with block tin and having delivery tubes that extend 
to the other rooms. 

The b’ological laboratory is devoted to the bacteriolog!- 
cal and microscopical examinations of water and to the 
study of the various organisms found. It also forms the 
office of the director. It contains a work table; a long 
work shelf, with three windows in front; three incubators; 
an ice chest for the storage of culture media; a case for 
Sterilized apparatus: a bookcase, with a good working 
library; a desk; a typewriter, and cabinets for report 
blanks, biological specimens, ete. Electric bells connect 
with the different laboratories and with the telephone in 
the office of the keeper of the reservoir. 


The chemical laboratory is the largest of the three 


FIG. 1.—EXTERIOR VIEW OF MOUNT PROSPECT LABORATORY, BROOKLYN WATER-WORKS. 


the departments of water supply, either for the purpose 
of experimental work or because the character of the 
water supply was such that proper management depended 
upon analytical as well as engineering data. Departments 
of water supply should be justly held responsible for the 
quality as well as the quantity of the water supplied to the 
public. This involves a constant knowledge of the sani- 
tary condition of the water, which can be obtained only 
by frequent analysis and inspection. 

The complicated character of the water supply of Brook- 
lyn made the need of a laboratory apparent to the Depart 
mentof WaterSupply several years ago, but it was not untt! 
1897 that an appropriation for the purpose was obtained. 
In May of that year the writer was appointed biologist 
and director of the laboratory, and instructed by Mr. 
I. M. De Varona, Engineer of Water Supply, to prepare 
plans for the installation and equipment of a complete 
chemical and biological laboratory. Mt. Prospect reser- 
voir, near the entrance to Prospect Park, was selected 
as the most available site, and the gate house of the 
reservoir was found to have ample accommodations. Con- 
tracts were let during the summer, and the laboratory was 
in complete operation on the 1st of October, though regu- 
lar miscroscopical examinations of the water were begun 
early in July. (Exterior and interior views of the labora- 
tory are shown by Figs. 1 and 3, respectively, while Fig. 
2 shows the main floor plan.—Ed.) 

Mt. Prospect laboratory has a fortunate location. It is 
conveniently near the Long Island depot, where the 
samples from the watershed are received, Ridgewood 
reservoir, the main distribution reservoir, and the office 
of the department at the municipal bullding. Its isolation 


eA paper read before the Brooklyn Engineers’ Club, 
April 12, 1900. 


rooms. Its atmosphere is kept free from ammonia and 
from the fumes of strong acids, in order not to vitiate 
the results of the water analyses there carried on It 
contains a table for holding the samples of water that 
are being analyzed; three work tables; two work shelves, 
with windows in front; a weighing room, with balance in 
front of window and with a wide desiccator shelf and a 
drying closet; a hood, under which are two steam baths; 
a battery of twelve stills for ammonia distillations; a still 
for obtaining redistilled water; an apparatus for gas 
analysis; a battery of twelve Sedgwick-Rafter fliters, 
used in the microscopical examination of water; an appa 
ratus Case; a case for chemicals; a Richards pump, and 
various pieces of specially designed apparatus that facili 
tate the work of analysis. The room also contains a 
combustion furnace and a Mahler bomb calorimeter for 
the analysis of coal and the determination of tts heating 
power. A storage room opens from the chemical labora 
tory, and there is a small dark room under the stairs. 
The three laboratories have marble-tiled floors, and the 
work tables and shelves are covered with white tiles 
throughout. The partitions between the rooms are largely 
of glass. 

The physical laboratory in the basement is not fully 
completed. At present it contains a crusher, a coal 
sampler, sieves for sand analysis, and a cement-testing 
machine, with its accessories, Much of the room {ts de- 
voted to storage and to shop work. 

The laboratory force consists of one biologist and di- 
rector, one chemist, one assistant chemist and three as- 
sistants. 

The work of the laboratory may be divided into three 
parts—water analyses, miscellaneous analyses and ex- 
perimental work. 
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Water Analyses. 


The routine work consists of the regular examination 
of samples of water received from all parts of the water- 
ebed and distribution system, i. e., from the driven wells, 
streams, ponds, aqueducts, reservoirs and service taps. 
The complicated and varied character of the water supply 
requires the examination of an unusually large number of 
samples, and it is safe to say that no water supply in 
this country is examined more thoroughly and minutely 
than that of Brooklyn. The regular routine includes the 
bacteriological examination of three samples of water from 
the Ridgewood pumping stations and from a tap in the 
city collected daily; the complete physical, chemical and 
biological examination of nine samples from the distribu- 
tion system collected weekly; the physical, biological and 
partial chemical examination of 24 samples from the sup- 
ply ponds collected weekly, with complete chemical analy- 
ses monthly; the complete examination of 19 samples 
from driven wells collected monthly; and the complete 
examination of 21 samples from the private water supply 
companies of Brooklyn and from the water supplies of the 
Borough of Queens, collected quarterly. In addition to 
these regular samples many extra samples are taken at 
various times and places, as occasion requires. During 


collected just outside the gate houses, where the flowing 
water gives a representative mixture of the water entering 
or leaving the reservoirs. Special precautions are taken 
to avoid contamination in the collection of samples, and 
to this end special forms of collecting apparatus have 
been devised. 

In the apparatus for collecting the bacteria samples the 
sterilized bottle is placed in a metal frame attached to the 
lower end of a small! brass tube, and is held in position 
by spring clips. A small rod extends through the brass 
tube, and at the lower end is provided with a clutch for 
grasping the stopper of the bottle. By means of this rod 
the bottle may be opened and closed under water. 

The apparatus used for collecting camples from beneath 
the surface, when necessary, is as follows: The frame 
consists of a brass wire attached to a weight with clips 
for holding the bottle. The frame is supported by a spring 
joined to a sinking rope. A flexible cord extends from the 
top of the spring to the stopper of the bottle. The length 
of this cord and the length and stiffness of the spring are 
so adjusted that when the apparatus is suspended in the 
water by the sinking rope the cord will be just a little 
slack. In this condition it is lowered to the desired depth. 
A sudden jerk given to the rope stretches the spring and 


liter of water. Comparisons are made in ga|! 
in Nessler jars, held toward the light or p 
series of black lines. 

Color.—The color is determined by compari: : 
platinum-cobalt standard, described by 1 a 
“American Chemical Journal,’ Vol. XIV, 
comparisons are made in 100 cu. cm. Nessler 
diameter and 12 ins. long. 

Odor.—The ‘‘cold odor’ is observed aft: 
shaking the bottle in which the sample is co; 
“hot odor’ is observed by heating about 21%) 
the sample in a beaker, covered with a wa: 
point just short of boiling and applying the , 
as the water has sufficiently cooled. The 
pressed according to the following scale of | 
with the following abbreviations: 

Scale of Intensity.—0, none; 1, very faint 
distinct; 4, decided. 

Abbreviations.—v, vegetable; e, earthy; a, 
grassy; f, fishy; m, moldy, etc. - 


Chemical Analysis. 
The sanitary chemical analysis ordinarily 
determination of the nitrogen as albuminoi) 


free ammonia, nitrites and nitrates; tota! ik i 

evaporation, loss on ignition, chlorine, irou 

ness. In addition to these, the following det es a 

are sometimes made: Oxygen consumed, alk 4 

crustizg constituents, d.ssoived oxygen, carbon 
Form of Expression.—The results of the chem 

8.8 are expressed in parts per million. 
Nitrogen as Albuminoid Ammonia.—The 


re Wanklyn is used, according to the practice of lass Be 
< chusetts State Board of Health, described in the 4» «.. de 
cial reports on water supply and sewerage put 
5 8 Chemical Laboratory 1sv0. The total albuminoid ammonia is determ or 
Sedgwick Rafter unfiltered water. The dissolved albuminoid a 
| 2 determined after filtering the sampie througn ti pape 
5 it - The suspended albuminoid ammonia is found by act 
B ing the dissolved albuminoid ammonia from the al 
: Automattic Sti buminoid ammonia. In the case of ground waters ou; 
the total albuminoid ammonia is determined. Thu ; 
General Laboratory distilling apparatus is practically the same a 
] signed by Mr. H. Ww. Clark and used at the la: o! 
iy ( (Work Shelf Autocay the Massachusetts State Board of Health. 
Drinkn Nitrogen as Free Ammonia.—The free ammonia is 
termined by Wankiyn’s method, referred to unde: 
noid ammonia. Five hundred cu. cm. of the sample serves 
for the determination of both the free and 
| ammonia. 
- Nitrogen as Nitrites.—Warrington’s modification of th 
j 4 | Porch Griess method is used. 
Nitrogen as Nitrates.—The phenolsulphounic acid method 
S of Grandval and Lajoux is used, but with certain modifica 
“ tions tending to refinement. The quantities of water op 4 
— FIG. 2.—PLAN OF MAIN FLOOR, MOUNT PROSPECT LABORATORY. ated upon vary from 2 to 50 cu. cm., according : 
eS amount of nitrogen present as nitrates. Permanent sta: " 
=. the 24% years that the laboratory has been in operation produces sufficient tension on the cord to pull out the ards are used instead of preparing fresh standards | ’ 
bt this schedule has resulted in the analysis of more than stopper. 4 every set of comparisons. Comparisons are’ made iu lu 
mu 6,000 samples, as follows: The apparatus for collecting bacteria samples from be- cu. cm. Nessler jars. ‘ 
oe Samples received from July 12, 1897, to April 1, 1900.6,471 neath the surface is similar in principle. The bottle is re- Residue on Evaporation.—For the determinatio: 
Phyisical +s placed by a sterilized vacuum tube, with end turned out- residue on evaporation 200 cu. cm. of the 
Partial chemical Wards and backwards and drawn to The pull of evaporated to dryness on a water bath in a platiou 
Mic roscopleal examinations. pe De eaGenescereesucnss . So the cord breaks off the tip of the tube and the pressure of of known weight, dried for half an hour in a stea 
a o determine the amount of suspended matter th: idu 
Les The samples of water from the watershed are collected ized wax. The frame for holding the tube consists of a js determined both before and after filtering th: ; 
we in the forenoon during the early part of each week and short piece of lead pipe, which also serves as a weight. through filter paper or through a ~~ Siena i Age : 
ie sent to the laboratory by express. The average time that The temperature of each sample is taken at the time of difference obtained. <aciat : 
elapses between the collection of a sample and the begin- collection and recorded on a certificate, together with the Loss on Ignition.—After the determination of tl 
ning of its analysis is about four hours, but this time locality of the sample, the date of collection, the name of residue on evaporation the platinum dish is - fone # 
: varies from ten minutes to eight hours. Samples are col- the collector, etc. Temperature reading below the surface jarger platinum dish that serves as a ne eatin a se 
lected in large bottles for chemical analysis and in small are obtained with the thermophone.* pier 
: sterilized bottles for bacteriological examination. The When the samples reach the laboratory each is given & amount of distilled water to parcel engl . belong 
‘Z large bottles have a capacity of one gallon, are made of serial number and entered in an index book, and through- ee | 


crystalization that may have been driven off by the 
heavy, clear, white glass, and have glass ‘hood’ stoppers. out all the examinations each sample is known by its tion, evaporated to 
They are not sterilized, but are carefully cleaned with number rather than by the name of the locality from cooled and weighed as before. The nai ear 
chromic acid before leaving the laboratory. Brown paper which it was collected. . weigl 


is tied over the stoppers to prevent contamination from It would be out of place in this paper to describe in de- 
: dust, and the bottles are packed in boxes that have sepa- tail all the methods used in the analysis of the samples, or for the water of the distribution be = . 
rate compartments lined with indented fiber paper and but inasmuch as methods differ considerably in different mixture of the surface and ground waters maa ) 
‘ that are provided with tight-fitting covers. The breakage laboratories, it seems desirable to give at least an out- Chlorine.—The chlorine is determined oy titration with 
- of bottles packed in this way is very small. line of the methods used and to describe such as differ  sijver nitrate using potassium chromate as an ae itor 
The bottles for the bacteria samples hold 2 ozs., and are materially from those practiced elsewhere. according to ‘Sectats modification of tne i a ; 
made of clear, white glass, and have wide mouths with Physical Examination. scribed in the ‘American Chemical Journal,” \»! X! 
glass stoppers. They are known to the trade as ‘‘chemical 


salt mouths.” These bottles are sterilized each time be- | The physical examination includes the observation of ge —The hardness is determined by C! 30 
fore use. The stoppers of the bottles are covered with ‘he temperature of the water, its general appearance, its by 
turbidity, its color and its odor. method, substantially as described in Sutton’s ietri 
pieces of tin foil, and each bottle is then placed in a ‘ . Analysis,” but with certain modificati gre 
screw-capped tin box, just large enough to receive it. Temperature.—The temperature of the sample is ob- th 
The tin boxes are painted to keep them from rust- sented of the tine the“ 

emporary t har iness 
ing. The bacteria samples are shipped in portable ice- Appearance.—The amount of sediment and the turbidity, . ee en Serene 


boxes, There is an outer box with asbestos packing and a after standing twelve hours, are estimated by inspection Ry the mated at Reling. “She .datiemation “4 _ 
sec copper lining and an inner copper tray, divided into com- and recorded numerically according to the following scale: these terms is obtained when required by woody 
* partments to hold the tin boxes just mentioned, and be- 0, none; 1, very slight; 2, slight; 3, distinct; 4, decided. — on Se ee ee eg of 
tween the outer box and the tray is a large space for ice. Turbidity.—The actual turbidity is determined by com- 
The box holds sufficient ice to last eight hours in hot of the sample with silica standards of turbidity, tha. 
weather, and the samples almost invariably are received by Whipple and Jackson in the ‘Technology 
in good condition. Quarterly for December, 1899. According to this stand- using methyl orange as an indica 
ae The samples from the supply ponds are collected at a ard, a turbidity of 100 is equal to tnat produced by add- 4 oer a ad “rkgenng — 0 ar 
bt ponds makes it unnecessary to collect samples at greater *Henry E Warren and Geo. C Whipple, “The Thermo- when the true end-points are known and the p cor- 
ss | depths. The samples from the distribution reservoirs are phone,’’ ‘“‘Technology Quarterly,’’ July, 1895. rections for tae indicytors are applied methyl « and 
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tically the same results. These indica- 
_p power of showing the presence of sul- 
, and methyl orange should not be used 
-ve alkalinity of a water that has been 
coagulant. 

nsuituents.—The incrusting constituents 
give to water its ‘“‘permanent hardness.”’ 
» is made according to Hehner’s method, 
Leffman in his ‘‘Examination of Water.’ 
alkalinity and incrusting constituents is 
cual to the hardness as determined by the 


» is determined from the residue in the 
according to Thompson's method, as de- 
“Volumetric Analysis,’ but with cer- 
‘ technique that tend to greater accuracy. 
imed.—The Kubel method is used substan- 
ibed in the special reports of the Massa- 
Board of Health, above referred to. The 
iog is five minutes. This determination is 
u the regular samples. 
.ygen.—Winkler’s method is used according 
.dons of Drown and Hazen, described in the 
of the Massachusetts State Board of Health, 
ed to. 
.cid.—Pettenkofer’s method is used according 
tl ations of Trillich, described in Ohlmuller’s 
l ung des Wassers,”’ edition of 1896, 
Microscopical Examination. 


The scopical examination of water determines the 

i kind of microscopic organisms present, to- 

the amount of amorphous matter. The 

‘after method is used, with the modifications 

ju the author’s ‘Microscopy of Drinking Water.”’ 

resuits are expressed in number of standard units of 
s per cubic centimeter. 


Bacteriological Examination. 


The bacteriological examination consists of the determi- 
nation of the number of bacteria present in a sample of 
water aud a qualitative test for the presence of bacillus 
oli communis. No general qualitative work is undertaken 
in connection with the regular routine, 

Quantitative Examination.—One cubic centimeter of the 
sample (diluted 1-10, or 1-100, if necessary) is mixed with 
5 cu. cm. of sterilized nutrient gelatine in a petri dish and 
allowed to cool on a level surface. When hard the culture 
is placed in an incubator and kept at a temperature of 20° 
©. in an atmosphere saturated with moisture for 48 hours, 
after which the number of developed colonies is counted. 
it is then returned to the incubator and kept 24 hours 
longer, after which a second count is made. The 72-hour 
ount is the one reported. All determinations are made in 
juplicate. The gelatine used as the culture medium is pre- 
pared substantially as recommended in the report of the 
Bacteriological Committee of the American Public Health 
Association, published in 1898. It is given an acidity of 
1.5%. 

Test for Bacillus Coli Communis.—Smith’s fermentation 
method is used as the basis ot the test, isolation of the 
olon bacillus according to ordinary qualitative methods 
being attempted only when a positive test is obtained in 
the fermentation tube. If the amount of gas in the fer- 
mentation tube after 48 hours’ incubation at 37° C. is 
above 80% and below 70% of the closed arm, a portion of 
the sediment is plated on lactose-litmus-agar. If red 
colonies develop after 12 hours’ incubation transfers are 
made from them to glucose-gelatine, milk, nitrate solution, 
sugar-free broth (for indol),and glucose broth in a fermen- 
tation tube. If these tests give positive results, the pres- 
ence of the colon bacillus is considered as proven. 

It is not within the province of this paper to discuss the 
quality of the water supply of Brooklyn—that belongs more 
properly to the annual reports of the Department of Water 
Supply—but an account of the growths of microscopic or- 
Zanisms in the supply may be of general scientific interest. 
Microscopic Organisms in the Brooklyn Water 

Supply. 

The troubles of the Brooklyn water supply during the 
past few years have been occasioned by the growth of 
odor-producing organisms in the distribution reservoirs. 
The growth of Asterionella in Ridgewood and Mt. Prospect 
reservoirs and its effect upon the quality of the water have 
deen so fully described (report of Dr. Albert R. Leeds to 
the Department of City Works, division of water supply, 
Brooklyn, 1897) that it is not necessary to again relate 
the details of its occurrence. That the growths of Asteri- 
satinue to occur periodically is shown by the 
n Fig. 4. 

‘la Is not the only odor-producing organism 
‘at Cevelops in the distribution reservoirs. Anabaena, 
Cyclotella and other forms are sometimes present 
‘0 Sreat abundance, The character of the water collected 

mn watershed of the Brooklyn supply is such as to 
indant nourishment for microscopic plant life, 

: that in many water supplies appear in small 
hout having any noticeable effect on the char- 
water develop in Brooklyn to an enormous 


vphatically true in the case of Synedra pul- 
‘om that until recently has not been classed as 
‘ucing organism. Like Asterionella, this dia- 


tom contains oil-globules, but the oily substance has not 
the same strong odor as the oil of Asterionella. Never- 
theless, Synedra is capable of importing an odor to water 
if present in sufficient numbers. The odor is not a char- 
acteristic one like that of Asterionella, Uroglena, Dino- 
bryon, etc., and can be described by no more exact term 
than ‘‘vegetable.’’ The taste imparted to water by Synedra 
is perhaps more noticeable than the odor, being some- 
what ‘‘earthy,’’ as well as ‘‘vegetable.”’ 

In few water supplies in this country is Synedra pul- 
chella ever present in numbers greater than 5,000 per cu. 
cm. and, although a smaller number than this will make a 
water turbid, it requires about this number to produce a 
noticeable odor. In Brooklyn, however, the growths of 
Synedra have been much heavier, as may be seen from 
Fig. 4. On several occasions the numbers have reached 
15,000 per cu. cm., and once as many as 20,000 per cu. cm. 
were observed. The water at such times has been very 
turbid, and has had the vegetable and earthy taste and 
odor just referred to. 

The seasonable distribution of Synedra in the Brooklyn 
reservoirs is worth noting. In Mt. Prospect reservoir it 
has appeared regularly in the spring and fall, according to 
the usual mode of occurrence of the diatoms, but it has 
always appeared after the Asterionella growths in the 
spring and before the Asterionella growths in the fall. 
In Ridgewood its occurrence has been more variable. In 
1899 there were heavy growths in basins 1 and 3 during 
the month of August. 

Cyclotella is another diatom that, because of its limited 
occurrence, has been seldom known to cause trouble in 
water supplies. Yet in Ridgewood reservoir it is some- 
times present in large numbers. Its growth has been 
usually of short duration, but when present in numbers 
equal to 5,000 standard units per cu. cm. its aromatic 
odor could be distinctly recognized. 
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wind. The water was entirely unfit for end the gates 
of the reservoir were kept closed. A the organ- 
isms disappeared in the fall and the had again as- 


sumed its normal condition, Basin 2™Was emptied and 
cleaned, with the hope of preventing recurrence of euch 
growths in the future. An examination of the deposit at 
the bottom of the reservoir showed that it was well seeded 
with the spores of Anabaena Since that time there has 
been no further development of this organism. 

In September, 1898, a phenomenally large growth of 


Scenedesmus occurred in Mt. Prospect reservoir, the water 
at one time containing 25,800 standard units per cu. cm 
This organism, in the numbers ordinarily found, causes no 


odor, but on this occasion the water had a distinct vege- 
table and aromatic odor and taste. The growth continued 
for several weeks 

There are geveral other organisms that deserve mention, 
because they occur in larger numbers in the Brooklyn water 
than in most water supplies. Dictyosphaerium, Eudorina 
Mandorina and Volvox are often present in numbers of }00 
Standard units per cu. cm. Clathrocystis is not often found 
in Ridgewood reservoir, but in Mt. Prespect reservoir it has 
been as high as 1,440 standard units per cu. cm. As a 
rule the Brooklyn water contains comparatively few pro 
tozoa, but Mallomonas has been observed as high as 660 
per cu. cm. in Ridgewood reservoir, and Cryptomonas has 
been as high as 2,000 per cu. cm, in Mt. Prospect reser- 
voir. Chlamydomonas has been found occasionally. 

To the water consumers of Brooklyn, however, the im- 
portant fact is not the number of organisms in the als- 
tribution reservoirs, but the number present in the tap 
water in the city. Prior to the construction of the by- 
pass at Ridgewood the organisms that developed in the 
reservoir found their way as a matter of course to the 
service taps of the consumers. But by using the by-pass 
it has been found possible to so regulate the distribution 


FIG. 3.—VIEW OF A PORTION OF THE CHEMICAL LABORATORY. 


Two species of Melosira occur in the Brooklyn supply. 
Melosira granulata, the common free-floating form, is 
seldom present in sufficient numbers to cause trouble, 
though 2,000 or 3,000 per cu. cm. are sometimes found. 
Melosira varians grows luxuriantly on the shores of Ridge- 
wood reservoir, and constant scraping is required during 
the summer to keep the banks clean, During severe storms 
the filaments of Melosira become detached from the shores 
and are scattered through the water, and on one occasion 
the amount of vegetable matter so detached was sufficient 
to impart a distinct taste to the water. Like Synedra pul- 
chella, Melosira produces simply a vegetable, earthy and 
somewhat oily taste and odor, very different from the 
aromatic-fishy odor of Asterionella and Cyclotella. 

Next to Asterionella, Anabaena has probably caused more 
trouble in the Brooklyn water supply than any other or- 
ganism. During the past two years it has appeared but 
once, but there are good reasons to believe that in the 
summer of 1896, prior to the investigations of Dr. Leeds, 
the disagreeable odor of the tap water was due not so 
much to Asterionella as to Anabaena, 


In July, 1898, anabaena appeared in all the Ridgewood 
basins. In Basin 3 it did not develop to any extent. In 
Basin 1 it attained a maximum growth of 1,720 standard 
units per cu. cm. on Aug. 19, and gave to the water its 
characteristic odor of moldy grass. In Basin 2, however, it 
developed to an enormous extent. On Aug. 3 there were 
24,000 standard units per cu. em. From the last of July 
until early in September the water in the basin was 
densely turbid and had a green color. On quiet days a 
scum collected on the surface and drifted about with the 


of the water that very few organisms reach the consumers 
Guided by the frequent and regular microscopical ex 
aminations made at Mt. Prospect laboratory, the engineer 
has directed one or more basins to be isolated whenever 
it was found that odor-producing organisms were develop- 
ing in them, the water meanwhile being delivered through 
the by-pass direct from the force mains to the distribution 
pipes. It has been found possible also to isolate Mt 
Prospect reservoir and pump directly into the pipes when 
growths of organisms made it seem advisable. The bene 
ficial effect of this management can be illustrated by the 
following comparison. 

At the time when Dr. Leeds made his report on the con 
dition of the water, |. e., from November, 1896, to Febru- 
ary, 1897, Asterionella was present in the distribution 


system as follows: 
No. per cu. em. 


Ridgewood reservoir, Basin 1.............. to 

Tap supplied from Ridgewood, Basins 1 & 2. | the Sl 
ay asin 3..... * 800 


During November and December, 1899, the corresponding 
figures were as follows: 
No. per cu. em. 


Ridgewood reservoir, Basin 5, to 
Mt Prospect 6,512 24,960 
Tap ordinarily supplied from Ridgewood, 
Taps supplied from Ridgewood, Basin 3... = 16 


Tap ordinarily supplied from Mt. Prospect 


hi 
| 
3 
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During November, 1806, and February, 1897, the water 


mination is omitted on the regular work. The sulphur is 


tigations have been of more interest to chem 


supplied to the city from Basin 3 and from Mt. Prospect determined by Eschka’s method. The volatile sulphur, gists than to engineers, but an account of +) dee: 
reservoir had a very disagreeable taste and odor, due to when required, is determined from the water left in the of a map of the normal chlo.ine of bine | ™ 
the presence of Asterionella, but during November-Decem- bomb of the calorimeter after the combustion. The oxy- appropriately presented to this club.* = 
ber, 1800, the water in the city had no odor due to Asteri gen is determined by difference. All of the determinations It is well known that the amount of ;) 
onella, even though that organism was far more abundant of the ultimate analysis are made in duplicate. sample of water contains is of little value as 
in Ridgewood and Mt. Prospect reservoirs than it had been The beating power is calculated from the ultimate analy- pollution except when compared with th< eae : 
during the winter of 1896-97. This freedom of the tap sis according to the following formula: gion from which the sample was collect-d. |; diy 
water from Asterionella was due to the use of the by-pass, Number of B. T. U. per Ib. of coal = 14,544 C + 62,032 chlorine” is meant the amount of chlorine ; — 
the sections of the city that are ordinarily supplied from O4N unpolluted water of any particular localit: . 
Ridgewood Basins 1 and 2 and from Mt. Prospect reservoir ( OF aay te -) 4+ 4,500 S, where C, H, O, N and S repre- regions where there are natural deposits o: 7 e 
being supplied with water direct from the Ridgewood force 8 pendent chiefly upon its distance from th : . 
MAlDS, sent the percentages of carbon, hydrogen, oxygen, nitrogen Upon the amount of exposure to ocean winds a 
and sulphur. At the very outset of the work of Mt. P; 
Expressed in terms of calories, this formula becomes: tory it was thought wise to ascertain the 
a atory includes analy for the watershed of the Brooklyn water 
ses of coal, lubricating oil, boiler scales, boiler com- H = 8,080 C + 34,462 (# = —-—) + 2,500 8. pollution had already encroached to a consid . 
pounds, cements, deposits from driven wells, etc. These Ss upon its western portion, it was decided to : “ 
servations to the entire island. There were is 
Asterionella why this seemed desirable—first, it was bel). 
isochlors would be found to be approximat. 
cocemnenoemneeennee : the shore line, and that the more exact | t 
pa isochlors to be obtained in the sparsely s 
3Q000 would be of assistance in extending the | ae 
me? watershed of the Brooklyn supply; second, os ! 
of an eastward extension of the supply the is would 
10000 E2onR be of value in estimating future pollution. 
Basin No.! Accordingly, in October, 1897, a collector w om 
0 0 the island to secure samples from ponds, ty 
: p wells that showed no evidence of pollution. we 
© anooo 20900 & sent to him at various stations on the Long 1 Rail- 
f = road, and from these places as centers loca are 
Ridgewood, Basin No.2. collection was to obtain several series of sam, no 
0 val. ox and south lines across the island and a 
a samples at the eastern extremity. In April, 1e 
20000 lector made a second trip over the island 
i | duplicate samples from some of the localities | sited 
Bdsih t 10,000 besides samples from some new regions. In trips 
hi | Gare samples were collectted from 77 sources, and a w mo; 
E TT rT 0 E were subsequently added. Many of these, how: had to 
* mn | | | | } Zz be discarded, as they were evidently not norm In cer- , 
T a i tain places the only samples that could be obt 1 wer 
30,000 | | |_| | from wells, and some of these were so near to an ‘ 
barns that contamination was apparent. More her > 
20,000 | RES were some regions near the center of the isiai! wher 
Mt Prospect Reservoir | during the October trip, the collector was una to find ° 
10,000 ft any water at all, because of the sandy nature of the soil. 
i \ | The samples that were apparently norma! iu their 
0 = Lr 4 chlorine contents were used in the preparation of the map 
SR HG $2588 Bs 52 3 of normal chlorine for the island, shown by Fig. 5 
1095 1897 1898 ee 1899 1900 This map shows that except at the eastern end of the 
island and except near the coast the norma! chilcrine is ? 
FIG. 4.—VARIATIONS IN NUMBERS OF MICROSCOPIC ORGANISMS IN THE BROOKLYN the seth chor 
RESERVOIRS, NOVEMBER, 1897, TO FEBRUARY, 1900. chlor is only two or three miles inland, while on the nort! ' 
shore it is probably three or four miles inland. he iso- ' 
are all problems of engineering chemistry, and need not The heating power of the coal is determined directly by 
be described at length. orta é is e - 
the methods used may be of interest to some of the mem- and Fuel Analysis En f 
oy e region it is probable that the normal chlorine is even lower 
department require that each bid shall be accompanied by which oxygen is a 
a sample of the coal offered, and provide that no bid shall reaches > 4 
be accepted unless the sample contains a certain number the water the sited of 
of heat units. Bituminous coals must contain not less than electric current, which is the region where the normal chlorine is below 4 parts. It 
3,500 B. T. U. per ib., and anthracite coals not less than embedded in the coal b “a 
12,500 B. T, U. per Ib. ‘the e between 5 and 6 parts, and it may be assumed that any 
e in empera ure chlorine in these ponds in excess of 6 parts per 
y y the me e yun. the surrounding water, and from the observed rise in may be considered as due to the population dwelling upon ( 
amount of sulphur must not exceed 1%. The specifications temperature the heating power of the coal is calculated. the watershed. I 
also provide that An examination of the results of about 50 analyses made In conclusion, the author wishes to express his thanks ( 
f e e quali rior 1 
on analysis the quality is found to be of a lower standard The to neler Serface Withers. Sar, 
than that of the sample furnished with the bid, the Com- The sachiors are indicated by Full Lines over the Region covered by the Observations, y , 


missioner shall deduct such sum or sums from the esti- 
mated amount of money which would otherwise be due to 
the contractor, or he may deem to fairly represent the 
loss caused to the party of the first part by reason of the 
said depreciation in quality, and that in case of failure to 
comply with any of the other terms of this contract after 
due notice shall have been given to the contractor of such 
failure the Commissioner shall have the right to cancel the 
contract. 

The samples of coal that accompany bids are analyzed 
by the method of ultimate analysis, and are also tested in 
the Mahler bomb calorimeter; but in the case of samples 
taken from each consignment the ash is determined in the 
combustion furnace and the heating power in the calori- 
meter, 

The method of ultimate analysis was described by Mr. 
D. D. Jackson, Chemist of the laboratory, at one of the 
library talks of the Brooklyn Engineers’ Club in 1808. 
The sample of coal—usually about 10 lbs.—is reduced by 
successive divisions to a small representative sample, 
which is powdered to such a degree of fineness that it 
will pass a sieve that has 60 meshes to the inch. The 
moisture is determined by ascertaining the loss in weight 
when dried for one hour at 110° C. This determination is 
made not for the purpose of obtaining the moisture in the 
coal as used, but in order that the results of the analysis 
may be calculated on the basis of dry coal. The amounts 
of carbon, hydrogen and ash are determined in a combus- 
tion furnace in the usual manner. The nitrogen is some- 
times determined by the Kjeldahl method, but the deter- 


and by Broken Lines over the Region not covered thereby. 


FIG. 5.—NORMAL CHLORINE MAP OF LONG ISLAND. 


by the method of ultimate analysis shows that duplicate 
samples usually differ by about 1%, or approximately 150 
B. T. U., while with the calorimeter duplicates usually 
agree within 50 B. T. U. Comparisons of determinations 
of heating power made by direct determination and by 
calculation from the ultimate analysis show an average 
difference of about 200 B. T. U. 
Experimental Work. 

Most of the experimental work that has been carried on 
in the laboratory has been in connection with problems 
pertaining to the condition of the water supply; but, in 
addition to this, considerable attention has been given to 
the study of methods of water analysis and to other sub- 
jects of scientific interest. For the most part these inves- 


to Mr. Robert Van Buren, Engineer-in-Chare vepart- 
ment of Water Supply, Brooklyn, for permissio quote 
from unpublished laboratory records, and to a wledge 
his obligations to Mr. I. M. De Varona, M. Am Cc. E., 
Engineer of Water Supply, under whose genera ection 
the laboratory was established and the syst« work 
inaugurated, and to whom belongs the credit ts ex 
istence and success. The photographs of th: yratory 
that accompany this article were taken and k fur 
nishey by Mr. P. Schuyler Miller, the assistant st in 
the laboratcry. 

*The following account is abstracted from 4 | r writ- 
ten by the author in collaboration with Mr. D uckson 
and read before the New York Section of th: erica 


Chemical Society on Mareh %, 1900. 
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